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THE PHILOSOPHY OF HERBERT SPENCER’ 


By Professor A. H. LLOYD 
UNIVERSITY OF MICHIGAN 


” S I take my pen in hand”—to begin with a quotation 
A neither learned nor, so far as I know, from Spencer— 

I recall a course of lectures, heard in graduate school days well 
over a quarter of a century ago and given by Josiah Royce, 
on the philosophy of nature. The first half of the year Royce 
devoted to Benedict Spinoza, of the seventeenth century (1632- 
1677), advocate of an essentially mechanicalistic or, as Royce 
put it, “ world-formula” view of the universe; and the second 
half, to Herbert Spencer, of the nineteenth century (1820- 
1903), advocate of a biologic or, since there is a difference, 
biologistic theory of the universe. The lectures on Spinoza 
were among the most helpful lectures I ever heard. Royce’s 
understanding of the great Jewish philosopher was keen and 
sympathetic without being uncritical. Spencer, I felt then 
and feel now more definitely, he failed to appreciate either pro 
or con. I remember hearing him say that Spencer was a very 
important man, being a thinker whom all thinkers, scientists 
and philosophers, found it necessary, however easy, to refute. 
The scientists, it seems, found him too philosophical; the phi- 
losophers, too scientific ; so that his success may be said to have 
fallen between the two. Thus he was actually and successfully 
neither, because on the whole both. Just such in-between-ness, 
moreover, if I may manufacture such a word, is a general 
character of Spencer’s work, to be seen in other ways besides 
this of its falling in between science and philosophy. But, as 
‘One of three papers read at the annual “ Memorial Meeting,” cele- 
brating the centenary of John Tyndall, 1820-1905, and Herbert Spencer, 
1820-1903, of the Research Club, University of Michigan. The other 
papers were “John Tyndall,” by Professor A. W. Smith, and “ Herbert 
Spencer,” by Professor Charles H. Cooley, the former published in this 
Journal, the latter to be published in the American Journal of Sociology. 
VOL. XI.—7, 
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to Royce’s view of Spencer’s importance, it amounted, as I 
recall, to little more than this. By common consent Spencer 
can not be or at least twenty-five years ago could not be over- 
looked; for right views of the great things of life, including 
the universe, the ground must first be cleared of Herbert 
Spencer. Here doubtless was real tribute, but hardly flatter- 
ing; it lacked, to say the least, direct enthusiasm. 

Royce’s view, furthermore, while by no means without 
some foundation, was nevertheless in effect distinctly unfair, 
being at least only half of the truth. Royce himself, I am 
sure, would not wish to be taken too seriously. Of course his 
bias was always more for the great continental idealists, Kant, 
Hegel, Fichte, than for the English empiricists, Bacon, Locke, 
Mill, Spencer. Still, this bias aside, Spencer’s importance is 
not really to be measured so much by his formal doctrines and 
their technical contributions to either science or philosophy, 
although these have had some value, as by the large enter- 
prise which they both manifest on Spencer’s part and have in- 
vited among others, the unusually general attention which, as 
embodied in the Synthetic Philosophy, they attracted in Eng- 
land and especially in America, as well as on the continent, 
the new directions to which they effectively turned scientific 
interest, and their generally transitional significance. To say 
just a word in passing about Spencer on the continent, I can 
not forget that after my Harvard studies in philosophy, during 
the years of which I was constantly sent to the works of the 
great continentals, I went to Berlin and Heidelberg only to 
find that the continentals were frequently referring their 
students to Locke, Spencer and others across the Channel! wifh 
great respect. 

Now, in general, “in-between-ness,” referred to here as a 
typical character of Spencer’s work, will no doubt appear more 
or less ignominious; but sometimes it is really significant and 
productive. Thus, as to Spencer’s success falling between sci- 
ence and philosophy, while scientists never accepted or, if 
accepting, soon outgrew his science, finding it too philosophical, 
they were for a long time very generally disposed to accept 
much of his philosophy, his agnosticism, his evolutional per- 
fectionism, his general mechanicalism. Especially was his 
agnosticism peculiarly grateful to them. “If religion and sci- 
ence are to be reconciled,” he declared, “the basis of reconcilia- 
tion must be this deepest, widest and most certain of all 
facts—that the Power which the Universe manifests to us is 
utterly inscrutable,” that it is “not a relative but an absolute 
mystery.” Again, with flattering respect for the knowledge 
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of the scientist: “He [the scientist], more than any other, 
truly knows that in its ultimate essence nothing can be known.” 
Also: “ Ultimate scientific ideas . . . are all representative of 
realities that can not be apprehended.” If the scientists so 
welcomed Spencer’s philosophical isms, the philosophers on 
their side, while objecting to his notion of philosophy as only 
the general science, science of the sciences, welcomed his 
special scientific compilations and formulations, buying his 
large volumes, contributions to biology, psychology, sociology, 
as well as his First Principles, generously. So was Spencer, 
scientist and philosopher, in each one of his two capacities a 
prophet not without honor save in his own country and this, 
especially in his time, was important. Such mediation has at 
times great value. Spencer ranks, in other words, among 
those who have made the two countries, science and philosophy, 
realize that they must reckon with each other; each admitting 
the other to its counsels. How fitting, I venture therefore to 
reflect, that this club, catholic in its organization, should cele- 
brate the centenary of the great Synthetic Philosopher. 

A second evidence of Spencer’s in-between-ness has to do, 
not now with any general relation between science and phi- 
losophy, but with the fact of Spencer’s thinking coming at a 
time of transition in the history of science, when one scientific 
point of view as the commanding and leading view, directly 
and vitally interesting, was becoming only secondary and 
mediate, yielding the leadership to another and quite different 
view, and so when philosophy was also on a new venture. To 
explain my meaning here I must seem to digress a little and 
also I may be telling most of you here only an old story. 

Philosophy has ever been a handmaid, albeit rather inde- 
pendent and not always even respectful in her service, being 
quite critical and correctional at times, of positive doctrine in 
one form or another. When in such service, moreover, phi- 
losophy’s irrepressible and to her mistress often very discom- 
fiting instinct has been for universal applications, for widest 
possible—and impossible !—generalization, for liberation of the 
spirit from the always too special and confining letter; and her 
service itself, accordingly, has been, however obstinate the mis- 
tress, what our genial professor of music with his lectures on 
“Creative Listening” would be sure to style a creative service. 
Thus, first, in the history of Christendom philosophy was hand- 
maid of the Church, ancilla ecclesix, and of the Church’s pecul- 
iar positive doctrine, its orthodox and dogmatic theology, 
which asserted, as should be remarked with special care for 
the sake of the contrast to be pointed out hereafter, a single 
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first cause and put human life under constraint of a single in- 
stitutional uniformity, essentially mechanicalistic and local in 
character. Then, leaving her first position, in the seventeenth 
and eighteenth centuries she took service under mathematics 
and natural mechanics, for which—now mark the contrast— 
causation and uniformity were no longer single and institu- 
tional or locally mechanical, but general, that is, extended to 
include all nature. So came into the logic of science the now 
well-known principles of universal causation and of the uni- 
formity of ALL nature. Science has never been without her 
debt to theology! 

But, thirdly, in this story of Christendom’s great adventure 
in civilization or, more narrowly, of philosophy’s creative 
service of science, and now with special interest for our study 
of Spencer, biology—under its conception of organism in dis- 
tinction from mechanism, an organism being supermechanica! 
or being mechanism become general and naturally, innately 
versatile, versatile even to the point of genius, and of evolution 
in distinction from only once-upon-a-time creation—biology, | 
say, became the mistress of the handmaid of all positive doc- 
trine, philosophy. And a fickle servant indeed seems that 
handmaid, so often through the centuries changing her place. 
But, say what you will of her or of other handmaids, our story 
does show an effective and creative service. Theology, me- 
chanics, biology; institutional conformity, natural conformity, 
natural versatility,—these do make a wonderful succession at 
once of positive interests and of bases of productive general- 
ization. Well might we stop and dwell at length upon them 
and their progression. But stop we may not. It now con- 
«cerns us only that to the period of philosophy’s third service or 
perhaps more exactly to the later stages of the transition from 
the second to the third, Spencer and his Synthetic Philosophy, 
at once mechanicalistic in form and biologistic in meaning, 


seem to belong.’ 


2In an article, already published in this journal, May, 1920, “ Philoso- 
phy in the Service of Science,” I have tried to tell the story, given so briefly 
here, in more detail and, so to speak, with an additional chapter. Thus 
I have, among other things, pointed out that at the present time phi- 
losophy seems even once more to have changed her place, the new science, 
psychology, become a natural science, being now the mistress instead of 
biology and the conscious individual succeeding the biologist’s organism in 
the sequence of ruling conceptions. The whole sequence, then, from theol- 
ogy to psychology, besides being interesting for Spencer’s place and part 
in it, is interesting also as a record of man’s original aloofness from 
nature gradually turned into the closest intimacy. Certainly psychology 
as a natural science quite outdoes biology and organic evolution in its 
intimations of the unity of man and nature. 
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Of course the biologism of the later nineteenth century had 
its preparatory antecedents. On the continent Leibnitz, Kant 
and Hegel, not to mention others, had transformed and so pre- 
pared logic and metaphysics for the new intellectual order. 
In England Hume and the Utilitarians, including notably John 
Stuart Mill, had been serviceable in their way, while nearly or 
quite contemporary with Spencer (1820-1903) we have Darwin 
(1809-1882) and Huxley (1825-1895) and—in France—Au- 
guste Comte (1798-1857). Possibly the Scotch geologist, Sir 
Charles Lyell (1797-1875) should be named also, although in 
his work Spencer appears to have found more to reject and 
even resent than to accept. There was also the great physicist, 
Tyndall, 1820-1893. But, to speak at large, the biological 
theories of the time in their logic or their metaphysics or their 
science, implied or explicit, were obviously mechanicalistic, as 
in Spencer’s case; although, significantly, with the mechanical- 
istic biologism, there was always in evidence, yet hardly in the 
leading réle, a contemporary vitalism or occultism. Lyell was 
an early exponent of this and certainly biology, substituting 
the super-mechanical organism for mechanism, could hardly 
avoid some vitalism hidden or indirect when not direct and 
open. This might seem reactionary; but also progress de- 
manded it and, when the mechanicalists themselves denied and 
opposed, others were bound to rise up and protest. The very 
mechanicalists, moreover, had to admit some vitalistic prin- 
ciple into their houses, opening a back door for it, however 
tightly closed they might be keeping their front doors. Spencer 
himself, as I shall show, was not without his own indirect 
vitalism or occultism. 

Spencer’s mechanicalistic doctrines, first to take our atten- 
tion, not only show his heritage from the past, but also, in 
addition to what has already been pointed out here, afford a 
very interesting example of an important principle in the de- 
velopment of science or of thought generally. A hint of this 
was given in an earlier paragraph when reference was made 
to one intellectual interest, becoming only mediate and yielding 
leadership to another. That sequence of interests or discip- 
lines—dogmatic theology, mechanics, biology—-is certainly 
more than just a sequence. Always in the sequence an earlier 
standpoint has become the medium or the method of what 
follows. The accepted reality of one time becomes only the 
way of looking, the formal useful points of view, say the work- 
ing hypothesis, for the investigations of the next. In philo- 
sophical terms, an earlier century’s metaphysics is a later 
century’s methodology or epistemology. Just so, then, a pro- 
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gressing science or philosophy accumulates its useful stand- 
points and methods, its intellectual milieu, its categories, jts 
mediating ideas or questions; exactly as for a progressing real 
life the cherished institutes of one era turn into the secular 
instruments of the next. All of which, I suppose, amounts 
only to saying, but I hope in a stimulating way, that new wine 
must always be put in old bottles. But fortunately or un- 
fortunately, especially in times of critical transitions, men are 
all too likely to lag or lapse, confusing meaning with method, 
end with means. Many a scientist has done this, as well as 
many a practical man. Many a scientist has taken his work- 
ing standpoint too seriously, hoarding it as does any miser, 
conceiving it as representing reality; and, to come now to the 
point, of those who have done just this Spencer is undoubtedly 
one; a notable example of it, too, for being both scientist and 
philosopher. Spencer has had mechanicalism for his manner 
of thought, his method, his phenomenology, while an organic 
world, the world of the biologist and evolutionist, has been the 
real object of his interest; and yet at least not clearly has he 
distinguished between the two. In his numerous changes of 
statement, as the years passed, there may be discoverable a 
growing feeling for the difference and so a freer biologism; 
but, on the whole, I am of the opinion that he never really 
escaped from his confusion of a standpoint and method, which 
the past had given his times, with the new meaning which was 
the real object. A biologist may have machinery in his labora- 
tory ; also he may picture mechanisms in the world he observes; 
and, studying specific positive acts and processes, he may 
actually find perfect mechanisms; but he may not stop with a 
purely mechanicalistic theory of the universe. Happily even 
our present hero did not stop there. He had, as has been said, 
his own occultism. 

Perhaps, instead of going on with my tale, I should now 
give some illustrations, taken from Spencer’s specific doctrines, 
of his mechanicalistic “possession.” Before adducing such 
illustrations, however, I would consider his occultism, his very 
real although hidden super-mechanicalism, that the illustra- 
tions, when introduced, may illustrate this also. In his occult- 
ism Spencer will be seen a third time to have fallen between. 
Neither scientist nor philosopher, neither mechanicalistic nor 
freely biologistic, he proves also to be in between the tradi- 
tional occultism and a natural, consistent evolutionism. A 
certain surviving, albeit secularized and disguised spiritualism 
—notice the small initial letter—has a real hold on his rational- 
istic science-and-philosophy. 
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Like most if not all of the earlier modern evolutionists, 
Spencer undoubtedly labored under a sort of tradition, I would 
almost go so far as to say a superstition, of an external, quite 
separately real, independent and objective environment, an 
outer and quite different world; persisting notion from earlier 
centuries. Evolution and biologism generally were plainly 
bound to imply and, becoming clear as to their meaning, to 
assert the real and vital unity of man and nature, of organism 
and environment; but science came to the evolution-hypothesis 
with the habits of mind of the Middle Ages. Whatever the 
ultimate logical demands of the new theory, then, in a long- 
standing practise, man, as to his real worth and character, was 
one thing, a creature not of this earth; the natural world, quite 
another, external and alien; and by easy analogy, say anthro- 
pomorphically, any living creature, any organism, and its en- 
vironment were simply accepted as constituting a similar 
dualism. From man down even to the incoherently quivering 
protoplasmic mass the living being was thought of as having 
in its life the old problem of adaptation to something not really 
of its kind. Exactly so in the centuries of the Church’s domi- 
nation man had to live at least for a time, with reference to 
alien surroundings, his real self being quite aloof. Even a 
century or two of rationalism, while largely dispelling from 
nature the ghosts—almost too substantial in the old days to be 
so called—and the occult and arbitrary powers of all sorts, had 
failed to dispell the general notion of nature being independent 
and external. This circumstance, I am sure, had much to do, 
in the first place, with evolution’s early mechanicalism and, 
secondly, with evolution’s indirect, when not open and direct, 
occultism. However perfect the machinery, institutional and 
official at first, then physical or natural, adaptations could not 
be secured without help from outside. Whether exercising an 
evil spirit or winning favor from a good one, man had to de- 
pend on very formal and mechanical rites, perhaps on strict 
exactness of some phrase or sentence, and then also on help 
from Heaven or, as our university bulletins would put it, “some 
equivalent.” 

That Spencer did hold positively to an external and alien 
environment, making his general view of evolution, as well as 
his specific doctrines, accord with this idea, has always seemed 
to me to be clearly indicated, among other ways, in his em- 
phatic agnosticism already remarked here. Science, you will 
remember, as well as religion or theology, he insisted, was con- 
fronted, not with a merely relative, but with an absolute mys- 
tery. In ultimate character and reality nature, as well as God, 
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was absolutely beyond man’s reach. It is true that in his auto- 
biography Spencer complains that his Unknowable, as pre- 
sented in his First Principles of Philosophy, was getting alto- 
gether too much attention, that many of his readers and 
critics were scarcely noticing anything else; while he himself 
regarded it as almost if not quite secondary in importance to 
his doctrines about the knowable. Why should so many of those 
readers imagine that the whole Synthetic Philosophy must 
stand or fall by the Unknowable? Yet herein, to my mind, 
Spencer was more puzzled than candid. Certainly he shows 
himself, to say the least, quite lacking in appreciation of his 
own philosophy and its agnosticism. His Unknowable was in 
reality a critical point—perhaps even his heel of Achilles. It 
summarily alienated the natural world and so did perpetuate 
the medieval tradition—whether for reactionary effects or for 
progress need not now be said—within the very camp of 
rationalistic science and philosophy. Towards the end of his 
life Spencer confesses that orthodox ideas had been positively 
repulsive to him, more so than had been either necessary or 
wise, and it may be that his earlier and over-impulsive reaction 
to orthodoxy only played a trick on him, rendering him unre- 
flective, more opposed than critical, and so caught by his enemy 
unawares, as very often happens with negatives. In any case, 
in Spencer’s philosophy man, with all other living creatures, 
is left still with the problem of salvation in an alien world and 
solution of this problem necessarily had to conform to type. 
That Spencer himself preferred the word adjustment, adap- 
tation or accommodation to the, to him, repulsive word salva- 
tion does not affect the issue at all. Like salvation, adaptation 
had to rely on blind, incoherent, undifferentiated mechanical re- 
actions supplemented by help from outside. Spencer, again, 
did not call the source of this help God or Providence or any- 
thing so conventional and widely respectable; but he was not 
less a worshiper at the altar of the occult. What saved his 
creatures was Happy Chance! Bless-ed be its name! Rational- 
ism had indeed dispelled the old occult powers; no longer were 
these the almost universally accredited agents of man’s salva- 
tion—or of his destruction; but the spirit of medievalism still 
walked so long as Chance held the réle of Providence. Truly | 
can read Spencer without having my hair stand on end—how 
violent metaphors do sometimes become!—for the ghostly 
notions I constantly meet in his books; but mine is after all a 
phlegmatic nature and, say what you will, although one’s hair 
may lie quite flat, Spencer’s philosophy, its mechanicalism, its 
supermechanicalism, its biologism and all, is only a sort of 
rationalistic distillation and objectification of the orthodox 
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scheme of salvation. If to say this is to seem to ridicule Spen- 
cer, I must insist that my purpose is not ridicule. Laugh good- 
naturedly we may; but our laughter is not necessarily deroga- 
tory. New theory has to depend, as was said, on old habits of 
thought for its mediation and humor is inevitable. Moreover, 
in the present instance, the salvation itself gets new meaning 
when it is found repeated in the adaptive activity requiring at 
once mechanism and favoring chance, of every living organism! 

Spencer’s biographers, including himself, make very clear 
the rationalistic influences of his up-bringing. So far as we 
know, he never even had formally to reject the old theology, be- 
cause the problems it stirred up seem never to have arisen as 
serious problems for him. Constantly he was meeting men of 
liberal and independent views, of the scientific spirit, objective 
in their outlook. Early he showed antipathy towards classical 
studies and humanistic education generally. Miracles, more 
discussed in his day than in ours, puzzling so many, seemed not 
to puzzle him, for miracles there simply were not; and mere 
sentiment counted for nothing, for of course it is always con- 
servative. Spencer’s father, it is true, was a Methodist turned 
Quaker, his mother a Methodist without any turning whatever; 
but apparently just this difference in his home made him, as if 
in self-defense, neuter in re. All these influences, then, of 
Spencer’s life contributed to making him rationalistic, intel- 
lectually cold and objective, and yet, as has been shown already 
and will develop further, his philosophy also bears the sure 
marks of his outgrown home as well as of conservative England 
at large, suggesting withal the persistent scent of Thomas 
Moore’s still fragrant roses. Great changes may come to 
science and philosophy, theology yielding to biology; but, as 
with broken and shattered vases, the past is hard if not impos- 
sible to lose. A man may look with all candor at what lies quite 
without; he may court the wholly objective view; he may cast 
aside all that is institutional in letter or in spirit; but, to use as 
a figure what has its literal meaning too, he can not escape the 
fact that his parents gave him his eyes. Generalization, with 
its ever wider and deeper view and different valuations, may 
bring changes; but the new view or the new life must always 
conserve the past. Contempt for the old, accordingly, and 
blindness to the new are both lacking in realism, if not also in 
candor. In Spencer’s case we have seen how his contempt may 
have been the cause of his blindness. 

I turn, finally, to some illustrations among Spencer’s doc- 
trines. Perhaps I should consider first his comprehensive for- 
mula for evolution: 
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An integration of matter and concomitant dissipation of motion: 
during which the matter passes from an indefinite incoherent homogeneity 
to a definite coherent heterogeneity; and during which the retained motion 
undergoes parallel transformations. 


But, assuming that I could satisfactorily and intelligibly 
discuss that remarkable formula, focus of the Synthetic Phil- 
osophy, I fear I could not do so in the time at my disposal. In- 
stead, therefore, I have chosen for your attention three lesser 
but wholly characteristic doctrines, making my selection some- 
what at random. Thus, first, I shall consider the doctrine of 
adaptation or adjustment already in fact partially indicated; 
secondly, the doctrine of personal individualism; and, thirdly, 
that of the finally perfectly adjusted man; these doctrines com- 
ing from the Principles of Biology, the Principles of Sociology 
and the Principles of Ethics, respectively. 

Spencer’s doctrine of adaptation is a doctrine, shared by him 
with a contemporary Scottish philosopher of some note, Alex- 
ander Bain, and accordingly sometimes known as the Spencer- 
Bain theory, which pictures an organism, confronted by a 
strange environment, in a condition of action through random 
impulses, incoherent, undifferentiated nervous discharges, 
manifold indefinite mechanical reactions, and assumes that 
chance will bring a successful adaptation from one of these 
impulses, discharges, reactions. The theory thus takes very 
seriously the very familiar method of trial and error, except 
that the trials are wholly random and success has to depend 
quite on fortune. The more numerous the trials, obviously, the 
merrier the probability of a success and, I suppose, at infinity a 
success would be assured. An adaptation happily secured, this 
is, so to speak, registered and stored and becomes henceforth a 
line of least resistance for future action, say a definite activity 
in repertory. Of course, if any real change occur in the en- 
vironment, the process must be renewed from the beginning; 
while with manifold renewals an accumulation of acts in reper- 
tory is effected and the organism acquires a complex and ver- 
satile life answering to its varied environment. The whole 
process, moreover, revealing the progress or development of 
the creature concerned, may be described, in terms already 
heard, as a passing “ from an indefinite incoherent homogeneity 
to a definite coherent heterogeneity,” so that, after all, we are 
getting some understanding of Spencer’s general formula for 
evolution. Parenthetically, if at times Spencer seems to us 4 
bit commonplace and prosaic and even superficial, we must re- 
member that his work belongs to the third quarter of the last 
century. Indeed his First Principles appeared in first edition 
over fifty years ago. 
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Spencer’s doctrine, quite consistent within its premises, is 
to be criticized just for its premises. Before a wholly strange 
environment, which is assumed, any organism must be, or at 
once be rendered, quite incoherent, broken, without unity, not 
even vitally or really an organism, and so must depend on 
chance for success and on mere multiplication of chance suc- 
cesses for growth. But, as we know, consistent evolution can 
not suppose a strange, external environment. Accordingly the 
theory has at its start a false foundation. Indeed it is also 
more than questionable if the theory has any natural right to 
its claim of coherence being attained eventually; for not merely 
would adjustment, or evolution in general, depend on the occult 
in the form of happy chance, but also it would depend on the 
occult in the form of an agency of coherence. Coherence is 
certainly quite impossible against an alien environment and 
it ean never be acquired by a mere manifold of successes. 
“Favor my random ventures,” we who have ears hear Spen- 


cer’s organism praying fervently to the Unknowable, to that 
absolutely mysterious Power behind all things; “Favor my 
ventures and, above all, give me, unworthy and hopelessly 
broken creature that I am, a real and an abiding coherence;” 
and, while sympathetically we who have hearts may hope that 


so earnest a prayer will be answered abundantly, we have once 
more to be entertained. That a creature of Spencer’s should be 
thus brought to kneeling and piety! 

The life of an organism Spencer defines as “the power of 
continuous adjustment of internal relations to external rela- 
tions.” Here, then, is further light on his doctrine of adjust- 
ment. Professor John Watson finds the definition true enough 
physically or mechanically, but inadequate biologically... A 
stone’s power of adjustment, as it settles, for example, in the 
yielding earth or as it meets the blow of the shattering ham- 
mer, might be so described; but “a living being [with its own 
internal relations] is a unity in a different sense from that in 
which we speak of a stone.” A living being, an organism, must 
be originally and persistently endowed with an inviolable unity 
and self-identity and therefore must not for a moment be 
thought of as ever adjusting itself to an environment so ex- 
ternal or in such a way external as to violate that unity or iden- 
tity and in consequence to require a miraculous restoration. 
So is Watson’s criticism quite in line with that suggested here. 
Moreover, Watson’s emphasis on the differences between unity 
or coherence of a stone and that of an organism and again be- 
tween the processes of adjustment of the two unities to their 


*“ Comte, Mill and Spencer.” By John Watson, LL.D. Pp. 103 sq. 
The Macmillan Company. 1895. 
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respective external surroundings has suggested to me that. 
meeting in Spencer’s philosophy, are to be found, not only two 
ideas of unity, the mechanical and the biological, and two corre- 
sponding ideas of adjustment, but also two ideas of the ex- 
ternal. In any case, had Spencer and others of his time really 
appreciated that biologism and its evolution-hypothesis were 
bringing to human consciousness and feeling, to be of value 
both in common human practise and in general scientific theory, 
a qualitatively different external world, external I mean under 
a distinctly new valuation, in a distinctly new sense, from that 
of earlier centuries, I am sure they would not have taken the 
theory of random discharges, chance successes, and only even- 
tual and virtually magically given coherence quite so literally. 
Historically unity, adjustment, externality are by no means uni- 
vocal terms and it is simple-minded and prosaic to suppose 
them so. Theology, mechanics and biology have given each one 
three different meanings. A little more poetry in Spencer’s 
worthy soul had served him well! And yet, when all is said, it 
may be added, as the final word, that in thinking as in life to 
hasten progress is often to obstruct it. 

Secondly, I would consider with you Spencer’s persona! in- 
dividualism. This appears in various ways and places; in his 
writings on education, urging primary regard for the indi- 
vidual; in his hedonistic ethics; in his political papers, asser- 
tively democratic; and, especially, in his Sociology. In the 
last under evident pressure from the tendency to biologism and 
from the biological idea of organism, but under pressure also 
from old habits of thinking, he raises the question of society 
being an organism and decides to concede organic character 
only under what some would style, with timely allusion, sena- 
torial reservations. Certainly outwardly society remains, when 
Spencer has finished, no organism at all and individuality ap- 
pears to have lost none of its traditional prerogatives. Yet, of 
course, there was progress in the mere putting of the question 
and possibly, had Spencer asked, not if society were an organ- 
ism, but if it were organic, his conclusion had been different. 
The latter query had allowed some imagination. He held back, 
however, here as in other matters. He did find certain sim- 
ilarities of society to an organism: Both commonly, normally, 
increase in size, as they get older; in complexity, too, and in 
interdependence of parts; and both are wholes that live on in 
spite of, or even because of, the death of their parts. Still none 
of these things show any very deep notion of what constitutes 
real organic character and, if they did in any degree, the in- 
tended argument would be discredited so soon as the four 
points of dissimilarity, emphasized by Spencer, had been re- 
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marked. Thus, unlike an organism, society has no visible form 
and no continuity of mass and has distinctly autonomous parts 
and parts each with its own independent consciousness. How 
superficial this is both as to its dissimilarities and as to its 
similarities; how dependent the argument of it, pro and con, 
on inadequate tests. Why dwell on questions of mere mass and 
continuity that must be irrelevant? Why fall back on autonomy 
and independent consciousness, when these, as sure to be under- 
stood, can only obscure the real point? Why let the idea of 
organism, individual or social, suffer thus from traditional 
physical tests, on the one hand, and traditional notions of the in- 
dividual as an unworldly, spiritual being, on the other, when the 
idea itself was really a call for important revisions of both? 
Spencer’s argument, then, proves and disproves nothing. 
Nevertheless, there was, I repeat, progress in the mere putting 
of the question. Any important question or issue, once clearly 
put, is always stronger than the superficial ways in which it 
may be attacked and momentarily solved or than the conven- 
tional reservations with which its solution may be compro- 
mised or more seriously obstructed. 

Possibly, to indulge my own imagination, Spencer was 
thinking of society as confronted, like an individual, with a 
strange and hostile environment and so rendered inorganic, in- 
coherent, loosely pluralistic; but, whether this was the imagery 
in his mind or not, his conclusion of a pluralistic individualism 
is wholly consistent with it and with its various conservative 
implications. Even an individual organism, we should remem- 
ber, was made incoherent, a loose plurality of acts, by its ex- 
ternal surroundings and, neither originally nor eventually, 
could honestly claim any true organic character of its own. 
Why! On this showing Spencer might have said that society 
was at least as organic as any organism! His insistent indi- 
vidualism had really suffered no serious shock thereby. As 
to his intellectual conservatism, which we are constantly con- 
fronting, there is surely in it a suggestion of the reserve which 
the Englishman has seldom if ever failed to exhibit, holding 
to his past in his most progressive moves whether of thought 
or of life. 

For the rest, in this account of Spencer’s individualism and 
his hesitation to see anything really organic in society, I would 
Say, even a third time, that his question alone was a step for- 
ward. Indeed this is true of his other characteristic queries. 
While so many of his various answers were soon discredited, 
the questions themselves were vital and the new direction which 
they undoubtedly gave to scientific interest was significant and 
productive. He may have resented the old humanities, senti- 
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ment, orthodoxy and other things in kind; but he turned sgci- 
ence to human affairs in a very effective way. Is society or- 
ganic? What really is this thing we have been calling life? 
How indeed do organisms accomplish their undoubtedly suc- 
cessful adaptations to environment? Or human creatures, in- 
dividually or socially, to the natural world? Prophetic and 
creative interests, all of these; getting from Spencer only con- 
strained and inadequate answers, but only more persistent as 
questions on this account. 

Lastly, Spencer was an evolutional perfectionist. All in 
good time, but by gradual evolution, not by cataclysmic up- 
heaval, the millennium would arrive! Spencer’s doctrine of the 
finally perfectly adapted man, or of the finally perfectly adapted 
humanity, is to my mind at once the most significant and the 
most characteristic of all his doctrines. It shows him so clearly 
“in between” the old and the new. It shows him bringing 
spiritual man to earth, but also raising earth at last to an only 
Golden Heaven. Every day will be Sunday by and by! Not 
that Spencer said this in such words; but such was his vision. 
What he did say to that effect is worth quoting even at some 
length. In his “Data of Ethics,” a late work appearing in 
1882,‘ after apologizing and elaborately explaining himself for 


distinguishing between an absolute and a relative ethics and 
for the apparently resulting dualism, with one code for crea- 
tures not of this present earth, and another for present earthly 
and commonly human creatures, he proceeds as follows: 


The alleged necessary precedence of Absolute Ethics over Relative 
Ethics is thus, I think, further elucidated. One who has followed the 
general argument thus far, will not deny that an ideal social being may 
be conceived as so constituted that his spontaneous activities are con- 
gruous with the conditions imposed by the social environment formed 
by other such beings. In many places, and in various ways, I have 
argued that conformably with the laws of evolution in general, and con- 
formably with the laws of organization in particular, there has been, and 
is, in progress, an adaptation of humanity to the social state, changing 
it in the direction of such an ideal congruity. And the corollary before 
drawn and here repeated, is that the ultimate man is one in whom this 
process has gone so far as to produce a correspondence between all the 
promptings of his nature and all the requirements of his life as carried 
on in society. If so, it is a necessary implication that there exists an 
ideal code of conduct formulating the behavior of the completely adapted 
man in the completely evolved society. Such a code is that here called 
Absolute Ethics as distinguished from Relative Ethics—a code the in- 
junctions of which are to be considered as absolutely right in contrast 
with those that are relatively right or least wrong; and which, as a system 
of ideal conduct, is to serve as a standard for our guidance in solving, 
as well as we can, the problems of real conduct. 


4 The “First Principles” was published in 1862. 
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So wrote Spencer, scientist and philosopher; evolutionist, 
too; but under restraint, being also perfectionist and, except 
that he set no thousand year limit, millenniumist. All in good 
time, he assures us absolute right will have become as natural 
as it is right and, man having then come to a perfect corre- 
spondence between his natural promptings and the require- 
ments or obligations of his surroundings, between his internal 
relations and their external relations, the true and absolute 
ethics, so impractical now, will be practical as well as true, and 
confidently and safely can be installed or promulgated; being 
of course for the imperfect present only ideal, abstract, other- 
worldly. Safely, I said, because, according to Spencer, who 
would bring his ideal to earth, the moral ideal is pleasure. 
Only perfect men can safely be pleasure-seekers ; not so, human 
men. Herbert Spencer should have read William Paley, who 
at the close of the eighteenth century had successfully shown 
the hedonistic character of orthodox Christianity.° 

Spencer’s philosophy, I conclude, is an imprisoned biology 
or biologism. In form and spirit it is often conventional, tra- 
ditional, commonplace, prosaic; its manner of expression, its 
literary style, shows the one-sided character of his education; 
but also, as a philosophy, it is productively quick with real, in- 
sistent and especially in his day very timely problems. He 
himself had great confidence, a Britisher’s confidence, in his 
work; as is shown, if showing be necessary, by his remarkable 
persistence and accomplishment under circumstances of inval- 
idism that would have discouraged others. It must be a real 
tribute to him, much more positive than that quoted from 
Royce, that we can see, as it were, looking out from behind the 
imprisoning bars, the new view of life and the world, which 
biologism, suceeding seventeenth and eighteenth century me- 
chanicalism, has really effected. 

5Spencer’s millennial perfectionism, it is worth while observing, il- 
luminates a certain point, not indeed touched upon here, of his sociological 
doctrine. Perfection accomplished, there will be, it is true, perfect accord 
between individuals and society; but up to the time of such accomplish- 
ment individuals, exactly as Spencer represents, must always be naturally 
more or less anti-social or at least assertively independent of the body 
politic, and society as served by the state must therefore be at all times 
more or less compulsive or tyrannical and in periods of war or crisis 
of any kind distinctly so. 
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THE HISTORIAN AND THE HISTORY OF 
SCIENCE!’ 


By Dr. HARRY ELMER BARNES 
THE NEW SCHOOL FOR SOCIAL RESEARCH 


1. THE HISTORY OF SCIENCE AND THE INTERPRETATION OF 
HISTORY 


HE history of science has been a subject of much discus- 
T sion and a field for considerable productive activity, but 
most of such discussion and activity has been carried on by 
natural scientists. It is a subject, however, which ought to at- 
tract much interest from historians of liberal tendencies, and 
this article will attempt in a very brief way to estimate the sig- 
nificance of the history of science for historiography, to sum- 
marize the progress thus far made in the subject in this coun- 
try, and to introduce a few generalizations concerning the 
desirable method of presenting it through the cooperation of 
historians and scientists. 

The view of the significance of the history of science as a 
branch of historiography must necessarily vary with the atti- 
tude taken with respect to the nature of history.? If one ad- 
heres to the standpoint of Vico, Hegel, Kidd and the religion- 
ists, or to that of Thierry, Lamartine, Carlyle and the Roman- 
ticists, with their eulogy of heroic biography and their definite 

1 Revision of a paper read at the Conference on the History of Science 
at the American Historical Association Meeting, Cleveland, Ohio, Decem- 
ber 31, 1919. The Conference was presided over by Professor George L. 
Burr, and papers were read by Professors T. Wingate Todd of Western 
Reserve University, Louis C. Karpinski of the University of Michigan, 
Lynn Thorndike of Western Reserve University, and Henry Crew of 
Northwestern University. It was the first general session of the Ameri- 
can Historical Association ever devoted entirely to the history of science. 

2 The writer has attempted to summarize some of the various inter- 
pretations of history in his article on “ History: Its Rise and Develop- 
ment,” in the new edition of the Encyclopedia Americana. See also the 
article on “ The Interpretation of History,” by James T. Shotwell in the 
American Historical Review, July, 1913, pp. 692 ff. 

8 Cf. the presidential address of William Roscoe Thayer to the Amer- 
can Historical Association at Cleveland, December 29, 1919, on “ Recent 
Fallacies in History,” American Historical Review, January, 1920. See 
also his article on “ Vagaries of Historians,” in the American Historical 
Review, January, 1919, especially pp. 186 ff. 
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trend toward obscurantism, then there can, indeed, be little or 
no sympathy expected with the history of science. Nor can 
much more interest or approval be hoped for those who, with 
Seeley or Freeman, hold that history is the “biography of 
states” or “past politics,” unless perhaps they might grudg- 
ingly admit that the invention of gunpowder or the steamboat 
has had significant results for the growth of national states 
and world empires, or that the scientific achievements lying 
back of the art of making modern artillery or steel armor for 
dreadnoughts may have slightly influenced the course of mod- 
ern armed conflicts or greatly complicated the problems of na- 
tional budgets. In fact, little sympathy or interest can be ex- 
pected from the “eminent” and “ respectable” historians as a 
group. No doubt President Thayer has already classified this 
conference as one of the most obvious “recent fallacies of 
historians.”* The only type of historian who is likely to give 
serious and sympathetic attention to the history of science is 
the member of that renegade and outlaw, but ever increasing 
group which has transcended archaic and illogical conventions 
and dared to view history as a record of human achievement 
conceived in its broadest sense as the progressive establishment 
of human control over nature and the increasingly more perfect 
adaptation of nature to human use.‘ In this process science, 
pure and applied, has unquestionably been the dominating 
factor.® 

This position can best be substantiated by adopting at the 
outset the more recent anthropological theories regarding the 
origins of science. Our concepts in this respect were for years 
perverted by the vicious generalization of Frazer to the effect 
that all of primitive science was to be found wholly in the realm 
of the occult, or, more specifically, in magical activities. There 
has been no more significant revision of our anthropological 
background of cultural origins than that which has been forced 
through the critical work of Boas and his disciples, Marett and 
others, which has finally demonstrated the generic relation of 
religion and magic and has revealed the origins of science as 
proceeding primarily from the discoveries growing out of the 
everyday secular and commonplace activities of primitive peo- 
ples, however much such discoveries may later give a certain 

*See the introductory paragraphs to the article on “History” by 
James T. Shotwell in the eleventh edition of the Encyclopedia Americana. 
See also James Harvey Robinson, “The New History,” Chapter V. 

* There is a brilliant passage on this point in Gabriel Tarde’s “ Les 


Transformations du Pouvoir,” pp. 188-190. 
*J. G. Frazer, “The Golden Bough,” Vol. I., pp. 220-243. 
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religious sanctity to their makers.’ To be sure, this view does 
not deny the all-pervading religious milieu of primitive life in 
all its phases, but assumes that magic, as a phase of primitive 
religion, has evident associations with primitive science and 
economic life. Nor do the more critical anthropologists claim 
to be able to clear up from a study of primitive peoples al! the 
problems connected with the position of magic and science in 
the Middle Ages—a period which is a great historic complex of 
primitive survivals and advanced cultural states and products. 
The critical anthropologist admits freely that the medieval 
period is one preeminently for the historian to deal with, but 
insists that the historian should start right with an up-to-date 
and scientific anthropological outlook.® 

When the origins of science are viewed in this more ac- 
curate manner the history of science has a peculiar significance 
for the general interpretation of historical development. The 
vital and probably causal dependence of political forms and 
processes upon economic factors and institutions has now been 
so well established as to make a reminder of the situation seem 
almost an antiquated platitude.® It has been less frequently 
and less clearly pointed out, however, that the progress of 
science has in turn given shape and direction to economic devel- 
opment from the very beginnings of cultural history. There 
have been those who have questioned this generalization and 
who have asserted that pure science has had no genetic connec- 
tion with applied science and industrial inventions. They have 
based their position on the alleged derivation of science from 
primitive magic, which certainly did not direct and dominate, 
however much it may have been associated with, primitive in- 
dustry, and on the assumption that the inventions which initi- 
ated the Industrial Revolution, the greatest economic trans- 
formation in human history, bore little sequential relation to 
previous advances in pure science. It has already been shown 
how inaccurate is the assumption of the identity between prim- 

7 An excellent critical review of the leading anthropological theories 
concerning religion and magic is given by Dr. A. A. Goldenweiser in an 
article on “Magic and Religion” in the Psychological Bulletin, March, 
1919, pp. 82 ff. 

8 This subject has been surveyed by Dr. Lynn Thorndike in his “ The 
Place of Magic in the Intellectual History of Europe.” Professor Thorn- 
dike is now engaged upon an exhaustive treatment of the field of medieval 
science and magic. 

® The literature on the subject is admirably analyzed by Professor 
E. R. A. Seligman in his “Economic Interpretation of History.” The 
works of Professors F. J. Turner and C. A. Beard have been the most 
stimulating American application of the doctrine. 
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itive science and magic. The case of the Industrial Revolution, 
when critically examined, is not less damaging to the views of 
this group. Watt’s perfection of the steam engine was based 
upon studies of atmospheric pressure by Torricelli and Von 
Guericke, Huyghen’s experiments with the gun-powder engine, 
Boyle’s study of gases and pneumatics, and upon the develop- 
ments following the experiments of Denys Papin, the Marburg 
physicist, as well as the contemporary work of Joseph Black on 
latent heat. A great part of the engineering achievements 
which have made possible modern industrialism and the indis- 
pensable means of transportation have been founded upon the 
development of mechanics from Galileo and Newton onward. 
Even the stock objection to the scientific interpretation which 
centers about the textile inventions from Kay to Cartwright are 
not as impregnable as earlier supposed. For example, the 
spindles and belt wheel of the spinning-wheel from which Har- 
greaves developed his “spinning jenny,” as well as the water- 
wheel which early propelled these machines, were a combina- 
tion of several epoch-making inventions of primitive scientists. 
Moreover, from the late eighteenth century to the present time 
industrial progress has become more and more closely asso- 
ciated with highly scientific technological advances, such as mod- 
ern industrial chemistry and the remarkable development of 
modern mechanical and industrial engineering. While there 
can, thus, be little doubt that even in the past pure and applied 
science has determined economic institutions, it is certain that 
this relation will become much more intimate in the future— 
which, as Professor Thornstein Veblen has insisted, is to be 
preeminently the technological age in which not only competi- 
tive individual economic success but also the “wealth of na- 
tions” will depend no longer purely upon superior commercial 
sagacity, but upon even very slight and extremely refined tech- 
nological superiority. If, then, we may accept the priority of 
scientific to economic processes, those who adhere to the views 
of Bacon, Condorcet, Buckle, Draper and Andrew D. White 
have advanced one step beyond Feurbach and Marx in the in- 
terpretation of history. Finally, to the importance of the his- 
tory of science in explaining the development of the most potent 
instrument by which man has progressed through the adapta- 
tion of nature to his use, there should be added the unusual dis- 
ciplinary virtue of the history of science, combining as it does 
the genetic concepts of history with the exactness and the 
severe accuracy of the methodology and procedure of the na- 
tural sciences. 
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Again, the study of the history of science from the point of 
view of historical interpretation adds one more reason for be- 
lieving in its fundamental significance, namely, its relation to 
intellectual history and the psychological interpretation of his- 
tory in general, a field opened by Draper and which has since 
been cultivated by a number of progressive historians led by 
Professor James Harvey Robinson.’*® It has generally been 
recognized that the history of science forms a most vital phase 
of intellectual history, but this conception is still further 
strengthened by the newer view, so effectively expounded by 
Professor Veblen, especially in his “ Instinct of Workmanship,” 
and his “ Place of Science in Modern Civilization,” concerning 
the intimate connection which exlsts between the various stages 
of intellectual development and the changing state of the indus- 
trial arts, which are, in turn, dependent upon scientific ad- 
vances. It would seem, then, that the history of science provides 
the most fundamental and illuminating background for the 
study of the history of civilization, compared with which the 
history of states and political intrigues dwindles to insignificant 
proportions. It may be, and indeed often is, objected that while 
science may have created modern civilization, in doing so it 
brought into being a Frankenstein monster which is rapidly 
getting out of human control and whose ravages science can do 
nothing to mitigate. The historian would be the last to deny 
the serious social and economic problems produced by modern 
industrialism, but he will probably insist that science alone can 
point the way out. In support of this view might be cited the 
achievements of sanitary and medical science, not only in the 
field of physical disease, but also in its applicatlon to social 
problems and industrial efficiency, and to the apparent progress 
now being made in the direction of at last securing a rational 
system of ethics based on sound psychology. This view that 
science and technology must be the chief agencies that man 
can make use of in solving the problems of modern industrial 
society was forcibly stated by the founder of modern Kultur- 
geschichte, Kar] Lamprecht, in his address to the general meet- 
ing of the Association of German Engineers at Leipzig in 1913 
on “The Technics and Culture of the Present Day.” After 
pointing out the general relation between the development of 
culture and technology he expressed his belief that “it is in the 
development of technics and modern industry themselves that 


10 The writer has attempted to indicate the progress made in this field 
in an article on “Psychology and History,” published in the American 
Journal of Psychology, October, 1919. 
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we must look for an expedient for removing the moral and 
social evils which have been called forth through a brilliant 
material progress. No superficial suppression of these evils, 
no administration of charity, no theories, no political revolu- 
tion can have any lasting effect in attaining this end, but only 
the moral self-purification of industrial development in itself, 
and that change to idealism, which must be accomplished in 
and from the further development particularly of technics.” 


9 GENERAL NEGLECT OF THE HISTORY OF SCIENCE BY 
HISTORIANS 


Aside from a feeling of gratitude and satisfaction over 
being able to have at one of our Association conferences such a 
group of eminent scientists, the fact which strikes a historian 
most vividly with respect to this conference is that at the first 
session of the American Historical Association on the history 
of science, three out of four of the formal papers were pre- 
sented by natural scientists. The situation is all the more sig- 
nificant because this disparity was not due to any determination 
to go outside the ranks of historians for speakers, but rather 
was caused by the somewhat embarrassing fact that it reflects 
very accurately the distribution of the current activity in the 
history of science, for probably more than seventy-five per cent. 
of such interest is found among natural scientists. This state 
of affairs seems particularly strange in view of the fact that 
there have long been historians and other social scientists who 
have emphasized the dominating part played by science in the 
evolution of civilization. Roger Bacon’s striking prophecy of 
the effect of applied science is too well known to describe in 
detail. Away back in the latter part of the fourteenth century 
Ibn Khaldun, an Arab savant, definitely rationalized and iso- 
lated the history of civilization and emphasized the part played 
by Arab natural science in the development of civilization. 
Francis Bacon stressed the importance of intellectual history 
and had great hopes that general advancement and betterment 
might be achieved through the application of natural science. 
Turgot, in his Sorbonne lecture of 1750, showed how progress 
was dependent upon the cumulative social, economic and scien- 
tific advances contributed by each generation and stressed in 
that way the continuity of history. Condorcet set forth what, 
at the close of the eighteenth century, looked like an extremely 
fantastic, but in the light of the last century a rather couserva- 
tive, estimate of the general progress that might be expected 
from the application of natural science to human activities. 
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Henri de Saint-Simon and his disciples, drawn largely from 
students at the Ecole Polytechnique, not only agreed in genera] 
with Condorcet, but also advanced a step further by compre- 
hending the vital importance of applied science and in advoca- 
ting the formation of a social system controlled and directed in 
its material interests by scientists and engineers. Auguste 
Comte sketched a philosophy of history in which progress was 
held to consist in the gradual but sure triumph of the scientific 
method and procedure over the theological and metaphysical, 
planned a social system dominated by applied scientists and 
sociologists and attempted to secure the establishment of a 
chair in the history of science at the Collége de France. That 
interesting mid-century socialist, Wilhelm Weitling, would have 
handed over the complete control of society to a triumvirate 
made up of the most eminent living physician, mechanical engi- 
neer and physicist. Space forbids more than a mere mention 
of the well-known favorable attitude towards science and its 
history taken by Buckle, Draper, Andrew D. White, Henry 
Adams, Thornstein Veblen and Lester F. Ward. Among more 
recent historians there are a number who have emphasized the 
significance of science in the evolution of civilization. Some 
leaders in this movement have been Lamprecht and his asso- 
ciates, Seignobos, F. S. Marvin, and Professors Burr, Robin- 
son, Shotwell, Shepherd, and Teggart in this country. There 
have been technical historians of science varying all the way 
from the ecstatic Karl Snyder to the encyclopedic Duhem and 
the erudite and cautious, if enthusiastic, Sarton, who have 
urged the importance of science and the significance of its 
history. The work of Mach, Cantor, Ostwald and Danneman 
in Germany; of Mieli and Rignano in Italy; of Duhem, Berthe- 
lot, Milhaud, Tannery, Picard and Poincaré in France; of Sar- 
ton in Belgium; of Merz, Pearson, Shipley, Lones, Singer, 
Osler, Ross, Thomson and Tozer in England; and of Sedgwick, 
Tyler, Cajori, Locy, Crew, Karpinski, Henderson, Baldwin, 
Libby, Hall and Garrison in this country is at least representa- 
tive of the valuable contributions made to the field of the his- 
tory of science by natural scientists. In spite of all this, how- 
ever, one can point to but few European historians, taking the 
title in its conventional meaning, who have devoted themselves 
professionally to the history of science, and it seems that Pro- 
fessor Lynn Thorndike is the only one in this country who has 
cultivated the subject systematically, though one should not 
forget the valuable monograph of Miss Ornstein on the rise of 
the European scientific societies. The lure of the episodical, 
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the dramatic, the biographical and the political history, pro- 
duced by the inertia in the heritage from older historical inter- 
ests and concepts and the development of nationalism in the 
19th century, has proved too strong for the majority of his- 
torians and has seduced them into a grotesque concern with the 
irrelevant and into a sad ignoring of the vital elements in his- 
torical development. It has not been sufficiently emphasized 
that there are two chief types of superficiality and inaccuracy 
in history, the first being that which leads to statements made 
without a sufficiently thorough and dispassionate study of the 
sources of information, and the second and equally serious 
variety being that which leads to a failure to concentrate his- 
torical investigation upon those topics which seem likely to 
reveal most clearly the nature and causes of human progress.” 
It is a strange but interesting fact that those who have been 
most cautious in avoiding the first type of superficiality have 
been most frequently and fatally guilty of the latter.** It 
would seem that the chief cause of this has been the unfor- 
tunate tendency to make states, political institutions and polit- 
ical figures the chief center of orientation and point of depar- 
ture for historical study and exposition. This has led to a 
situation in history not widely different from the procedure of 
a hydraulic engineer who studied the ice on a river and ignored 
the depth and rapidity of the current, or a geologist sent to 
make a detailed study of the soil and minerals of a particular 
area and who satisfied himself with a report on some conspic- 
uous phases of the topography, or who studied a glacier by 
noting the débris which had accumulated on its surface and 
ignored the vast mass of ice moving irresistibly beneath. 
One is especially reminded of the significance of the history 
of science, as well as of its relative neglect, when he reflects 
upon the vast amount of scholastic energy spent upon that 
chronological succession of guesses as to the nature of reality 
which is collectively known as the history of philosophy, and 
also upon the history of the various methods and avenues in 
which man has gone wrong in attempting to get control over 
nature and to adapt it to his use, in particular, the vast num- 
ber of pretentious volumes devoted to the history of religion, 
the chief mechanism for hoping to attain a supernatural con- 
trol over the forces of nature—the contrast of which with the 


11 See James Harvey Robinson, “ The New History,” Chapters I., IV., 
V., VIII.; and Albion W. Small, Publications of the American Economic 
Association, Third Series, Vol. V., No. 2, p. 178. 

12 See Karl Lamprecht, “ What is History?” Chapter I. 
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scientific approach has been most effectively drawn by the late 
Andrew Dickson White." 


3. PRESENT STATUS OF THE HISTORY OF SCIENCE IN AMERICAN 
EDUCATION 


The status of the teaching of the history of science in the 
United States before university instruction was so seriously 
disrupted by the War has been described in a valuable study 
made by Mr. Frederick E. Brasch in a paper entitled “The 
Teaching of the History of Science: Its Status in our Univer- 
sities, Colleges and Technical Schools,” and published in Scienc: 
for November 26, 1915..* He studied 352 out of 598 institu- 
tions of this type which existed in the country at that time and 
found that 224 had some course on the history of science and 
that 128 had none. The first course on the history of science 
in America appears to have been one on the history of chem- 
istry given by Dr. Theodore W. Richard at Harvard University 
for the first time in 1890. At practically the same time Pro- 
fessors Sedgwick and Cross at the Massachusetts Institute of 
Technology began a course on the history of the biological and 
physical sciences which has been carried on since 1905 by Pro- 
fessors Sedgwick and Tyler. This was the first course in the 
general history of science given in this country. Perhaps the 
best known course on the general history of science now offered 
is that which had been conducted at Harvard, since 1911, by 
Professor L. J. Henderson. Mr. Brasch found that in 1915 
there were many more courses offered on the history of special 
sciences than on the general history of science, the emphasis 
being particularly upon the mathematical and physical sciences 
at the expense of the biological, but he believed that he detected 
a tendency on the part of these institutions of higher learning 
to abandon the history of special sciences and to go over to a 
general course. Most of the larger universities were found to 
offer both general and special courses in the history of science 
and an unusual interest in the subject was manifest at the 
Carnegie Institute of Technology at Pittsburgh. A gratifying 
innovation of a missionary sort was to be seen in the work of 
Professor Henderson of Harvard who gave a series of lectures 

18 Of course this statement does not imply any reflection upon the 
very valuable contribution to intellectual and cultural history made by 
students of the history of philosophy and religion, but simply attempts to 
make more clear the relative neglect of the history of science. 

14 Loc. cit., pp. 746-60. 

15 Professor Sedgwick began his lectures in an extra-academic way as 
early as 1887. 
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on the history of science to some five middle Western colleges 
in the spring of 1915. Finally, excellent facilities for detailed 
investigation in the history of science have been provided for in 
the John Crerar Library at Chicago, the resources of which 
were, in part, made public in a bibliography prepared by Dr. 
Josephson in 1911 and brought up nearer to date in a supple- 
ment of 1916. Nor should one forget the promising periodical 
devoted to the history of science—I/sis—edited by Georg Sar- 
ton, the publication of which was, unfortunately, disrupted by 
the war, or the various publications edited by Professor Cattell, 
which have encompassed practically the whole field of science. 

While Mr. Brasch’s study thus revealed significant begin- 
nings in the history of science in the United States it gave no 
evidence of any interest in the subject on the part of the his- 
torical guild. It is doubtful, indeed, if at that time there was 
any special course on the history of science offered by his- 
torians. Probably the closest approximation was the courses 
in intellectual history, the history of civilization, and the ex- 
pansion of European civilization given by Professors Robinson, 
Shotwell and Shepherd at Columbia, the composite course on 
the history of civilization offered at Cornell, and certain ad- 
vanced senior work on medieval education and intellectual in- 
terests given by Professor Haskins at Harvard, with some very 
significant literary activity in the subject on the part of Pro- 
fessor Thorndike at Western Reserve University and Pro- 
fessor Teggart at California. This state of affairs suggests 
the question as to whether matters should remain ever thus, 
with the historians generally ignoring the subject, and brings 
one to the final point in this discussion, namely, a consideration 
of the type of cooperation and division of labor between nat- 
ural scientists and historians which is desirable in teaching and 
writing in the field of the history of science. 


4. THE NECESSITY OF COOPERATION BETWEEN HISTORIANS AND 
SCIENTISTS IN THE FIELD OF THE HISTORY OF SCIENCE 


It would seem that the manner of teaching the history of 
science should be determined sharply by the object which it is 
desired to obtain. It is obvious that there are four chief re- 
sults to be aimed at, each of which calls for a special course; 
first, a technical knowledge of the history of a certain special 
natural science designed to aid experts in arriving at a better 
command of their particular subject; second, a more general 
grasp of the development of all the natural sciences which will 
make clear the manner in which the progress of the several 
natural sciences has been interrelated and cumulative; third, 
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an analysis of the history of method which will illustrate the 
nature and unique character of the methodology of the natura] 
sciences and the manner in which this methodology and tech- 
nique has evolved; and, fourth, an introduction to the history 
of intellectual interests and cultural progress which will indi- 
cate the part played by science in the history of civilization and 
will reveal scientific progress in its proper perspective in the 
general evolution of intellectual interests. It would appear 
certain that the first three types of courses should normally be 
taught by natural scientists and the last by historians, though 
occasionally an alert student of philosophy will be found ad- 
mirably qualified to give the courses on the general history of 
science and the evolution of the scientific method. But in both 
the courses on the history of science and on the history of intel- 
lectual interests there should be frank and sympathetic coopera- 
tion between scientists and historians. This cooperation, un- 
fortunately, has not generally existed in the past. The sci- 
entist, at least in this country, has generally despised the his- 
torian when the latter has upon very rare occasions entered 
the boundaries of natural science and the historian has gen- 
erally escaped this contempt by ignoring the history of science 
altogether. This mutual lack of respect and interest and the 
resulting failure to cooperate has led to a serious loss to both 
scientists and historians. Scientists, particularly in this coun- 
try, have exhibited an extremely naive and uncritical attitude 
in the matter of handling the historical sources dealing with 
their subject, works of all varieties of age, accuracy and bias 
often being used in an indiscriminate manner provided they 
furnish direct statements of alleged fact, and often some of the 
most valuable sources of information have been ignored alto- 
gether. There also has frequently been displayed a painful 
lack of power in orderly and attractive narration, which would 
scarcely be found even in a doctoral dissertation in history." 
The admitted critical and literary superiority of European his- 
torians of science to the American may in part be due to the 
closer cooperation between them and their colleagues in the 
faculties of letters and in the field of history. Further, the 
natural scientist has often seemed to assume that the progress 
of science has been solely a result of individual investigation, 
experimentation and discovery, while as a matter of fact the 
historiar well knows that it has been quite as much the product 

16Fc¢ a candid recognition of these defects in works on the history of 
science written by natural scientists, one should consult the article on 
“ The History of Science ” by Dr. Louis C. Karpinski in School and Society, 
December 21, 1918. This is written by a natural scientist well grounded 
in historical methodology. 
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of circumstances in the general historical environment which 
have encouraged and made possible scientific endeavor and 
achievement. In other words, while the progressive historian 
will freely admit that science has done much to determine the 
course of historical events he must insist that culture has been 
quite as effective in conditioning the nature and rate of prog- 
ress in the natural sciences. 

From the historical viewpoint the rather austere scorn of the 
natural scientist for the historian has sometimes led the latter 
to risk some excursion in the field of science without having 
checked up his work by consultation with a scientific expert, 
but more often it has simply been effective in keeping the his- 
torian out of the field, and incidentally in preventing college 
students of history from having an adequate opportunity to 
become acquainted with what should constitute, perhaps, the 
most vital phase of history. Of course it is not meant that his- 
torians have always recognized the significance of the history 
of science and have clamored in crowds for permission to enter 
the field, being deterred only by the lack of encouragement from 
scientists. The general body of historians have certainly been 
as naive in ignoring science as have scientists in sifting his- 
torical sources. What is asserted is that the few historians 
who have shown an interest in the history of science have not 
generally met with a warmly sympathetic welcome from sci- 
entists. The scientists should recognize that until the history 
of science is espoused by a large number of historians it can 
not have its deserved recognition in the academic world and 
they should cherish, encourage and enlighten the few historians 
who evince an interest in science with as great care and enthu- 
siasm as a biologist would nurse along the rarest and most 
interesting sport or mutation which might appear in the evo- 
lution of organic life. The growth of mutual respect and the 
stimulation of cooperation between historians and scientists 
cannot but be productive of the greatest gain to both. The 
scientists can receive aid in sifting their sources and arranging 
their material, while the historians can secure sure and accu- 
rate guidance in the technical phase of the subject. It can 
scarcely be doubted, moreover, that the unquestionably greater 
objectivity, frankness and candor, and the more earnest search 
for truth and vital information which characterizes natural 
scientists, as contrasted with historians and social scientists 
generally, will have a salutary reaction upon historians. Fur- 
ther than a mere cooperation in research and exposition, his- 
torians and scientists should arrange for a better guidance of 
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their students. Certainly no major student in science should 
regard his scientific training as well rounded out without com- 
prehending the relation of the history of science to general cul- 
tural evolution and the history of intellectual interests and no 
student of history can be held to be competent in his subject 
without a decent elementary grasp upon the history of science, 
for which he may be prepared, if otherwise deficient, by a pre- 
liminary course in general science, which should always include 
some personal contact with and observation of, the exact and 
painstaking methods of the scientist in laboratory work. It 
may also be safely asserted that students of science who hope 
later to teach its history or to write on the subject should 
during their college course take a thorough course in historical] 
methodology, both in investigation and exposition. 

The progress made by natural scientists in teaching and 
writing in the field of the history of science has already been 
pointed out and this morning’s conference will be welcomed by 
historians as a harbinger of their closer cooperation with alert 
students of the newer history. From the historian’s side, also, 
certain significant advances have already been made in this 
country which to some degree supplants the blank indicated in 
Mr. Brasch’s report on the history of science. Professor James 
Harvey Robinson in his well-known course on the history of the 
intellectual classes of Europe has provided, especially in his 
latest syllabus, an excellent prospectus for a synthesis of the 
history of science and general intellectual interests, and his 
point of view has affected many of the younger teachers of 
history and is evident in the text-books of Breasted, Thorndike, 
Hayes and Schapiro. Professor Shotwell’s famous course on 
the evolution of European civilization centers largely around 
the progress of pure and applied science and its reaction upon 
civilization, particularly its effect upon economic life and activ- 
ities. It is doubtful if any other American historian, with the 
possible exception of Professor Robinson, has done as much to 
direct the attention of the historian to the significance of the 
growth of science in determining the progress of civilization as 
Professor Shotwell. Professor William R. Shepherd, in his 
original course on the expansion of European civilization, has 
for the first time made clear how far the development of Euro- 
pean science in modern times has been due to the reaction of 
world colonization, exploration and commerce upon European 
thought.'’ The salutary influence of Professor Burr’s teaching 

17 Professor Shepherd’s original thesis in this matter is to be found 
summarized in his articles on “ The Expansion of Europe” in the Political 
Science Quarterly for 1919. 
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and writing in stimulating interest in intellectual history has 
long been recognized and has permeated the text-book of Pro- 
fessor Hulme on the Renaissance and Reformation, as well as 
having led to the production of many scholarly monographs in 
the field of intellectual history. While Professor Haskins has 
not been usually regarded as a special protagonist of intel- 
lectual history no one in Europe or America has done work of 
a more scholarly nature in this field, and of late he has offered 
a general course on medieval intellectual history. Further, 
historians in this country and abroad have at last supplied 
works that make possible a fairly complete survey of intel- 
lectual history. The writing of Breasted, Rogers and Jastrow 
on the Oriental period; of Zeller, Gomperz, Murray, Zimmern, 
Fowler, Wissowa and Cumont on the classical era; of Taylor, 
Poole, Lea, Harnack, Burr, Rashdall, Pactow, Thorndike, Work- 
man and Lecky on the Medieval age; of Brandi, Voigt, Beard, 
Emerton and Hulme on the Renaissance and Reformation; of 
Shipley on the science of the seventeenth century; of Shepherd 
and Abbott on the expansion of Europe; of Fischer, Morley and 
Stephen on the thought of the eighteenth century; of Benn, 
Merz and others on the last century; and of Dewey, Royce, 
Santayana, Faguet, Pearson, Reinach and Dilthey on various 
topics in intellectual history are only certain conspicuous illus- 
trations of the fertile work done in this field. 

There are courses in the history of civilization offered in 
American universities in which the development of science has 
been or may be introduced with profit to all concerned. A very 
significant innovation has been adopted this year at Columbia 
University whereby all freshmen are compelled to enter a 
course in contemporary civilization containing at least an intro- 
duction to the history of science, sufficient to indicate the scien- 
tific progress which lies back of modern civilization. It would 
seem, however, that, though a fruitful interest in the history 
of science may be aroused in this way, it is rather too early 
in the college course for the most effective presentation of the 
history of civilization. It is probable that the courses in the 
history of the special sciences should come in the junior year 
and should be followed in the last college year by the courses in 
the general history of science and in the history of thought and 
culture. There might also be mentioned the fact that a general 
course on the history of science is being offered for the first 
time this year at Clark College and Clark University under the 
direction of Dr. Edmund C. Sanford, president of the college, 
this being especially interesting as illustrating how such a 
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course may be successfully handled by a student of philosophy 
and psychology, when possessed of sufficient erudition and a 
progressive viewpoint. But, important as these details may 
be, the vital preliminary step is for historians more generally 
to realize the significance of the history of science and for the 
scientists to descend to a plane of cooperation, and the details 
of the division of labor between the two fields and the peda- 
gogical problems will be early and easily adjusted. While at 
present the scientists show much the greater activity in the 
history of science, the strength of the conventional in historical 
interests seem to be weakening and it is not absurd to predict 
that a generation hence such a book as Merz’s “History of 
European Thought in the Nineteenth Century” will be re- 
garded as containing more pertinent historical information 
than the “‘ Cambridge Modern History” or James Ford Rhodes, 
“History of the United States since the Compromise of 1850.” 


Bibliographical Note.—There is no satisfactory treatment of the 
problem of the history of science and the method of presenting it for 
class-room instruction. Valuable suggestions may be obtained from the 
following easily accessible articles: 

Mann, C. R. The History of Science. Pepular Science Monthly, April 
1908, pp. 313 ff. 

Libby, Walter. The History of Science. Science, November 6, 1914, pp. 
670-73. A Function of the History of Science, Educational Review, 
October, 1919, pp. 201-6. 

Brasch, F. E. The Teaching of the History of Science. Science, Novem- 
ber 26, 1915, pp. 746-60. 

Sarton, G. The Teaching of the History of Science. SCIENTIFIC 
MONTHLY, September, 1918, pp. 193-211. 

Karpinski, L. C. The History of Science. School and Society, December 
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knowledge, equipment and pedagogical procedure in teaching the history 
of science, while Karpinski’s is notable for its plea for a more critical 
method and more comprehensive research in gathering materials on the 
history of science. 
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F. S., “ Science and History,” Contemporary Review, March, 1918; Robin- 
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THE ORIGIN OF HIPPOCRATIC THEORY IN 
SOME OF THE SCIENCE OF THE 
NATURE PHILOSOPHERS 


By JONATHAN WRIGHT, M.D. 


yERHAPS one of the first questions the student of history 
| asks, when he comes to grasp the magnitude of the 
phenomenon of ancient Greece in the evolution of civilization 
is: When the Greeks met the Persians and the Egyptians in the 
eighth and seventh centuries B.C., was the rise of Greek philos- 
ophy its consequence in the sixth century? Herodotus and 
Hecateus relate incidents, which modern archeology has con- 
firmed and expanded, that to some seem to indicate at least an 
approximation to that conception. The coincidence loses its 
effect largely when we consider that these authors really began 
the written history of the modern world. In Herodotus and in 
the few fragments from other earlier historians we read much 
of the contact of the people of the Orient and the Greeks. Such 
records and such traditions do doubtless represent events dat- 
ing back to the Persian conquests of the Great Cyrus, but we 
have to depend on another kind of evidence. Ancient papyri, 
it is true, have been preserved to us which date a thousand 
years and more beyond that period, but the difficulty in trans- 
lating the text has only been one of the difficulties we find in 
ascertaining their meaning and correlation of information thus 
received, often incoherent in its parts, has not been satisfac- 
torily attained even with the help modern archeology has given 
us. But from the days of Herodotus we get a fairly coherent 
story reaching to our own times. 

This very coherency and the more or less unbroken con- 
tinuity in our older historical conceptions have conferred a per- 
haps exaggerated importance on the first meeting of the Greek 
men of brass in the Delta of the Nile which Herodotus relates 
(II. 152). From those literary sources now open to us, even 
isolated as they are in the gloom of an antiquity which Herod- 
otus has not dispelled, we get enough to convince us of the 
activity in the intercourse between the shores and islands of 
the Mediterranean and the oriental hinterlands. The Persian, 
the Egyptian, the Assyrian surges of political power which 
Swept, at least in their influence on the types of civilization, 
across the AUgean to its islands and the headlands of Europe, 
we may well believe lighted foci of culture which were not ex- 
tinguished when the brown people surged back again, but we 
can no longer avoid the conviction that throughout this vast 
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period the general underlying culture of the whole Mediter- 
ranean basin, extended far inland on the continents of Asia and 
Africa, was more homogeneous than certain schools of his- 
torians were once wont to admit. This general principle, at 
which we have arrived, has to be kept in view when we study 
the vexed question of the intrusion of the northern nations. | 
may seek the excuse for avoiding the conclusions at which Ger- 
man pre-historians have arrived, on the plea that no evidence 
credited to them is liable to be received with favor at a time 
when there is still felt the heat of battle which has overwhelmed 
their countrymen and the German historians themselves, to 
whom the major blame has been attached for the prevalence of 
that imperial spirit which has brought such unexampled woe 
upon this world of ours. The facts elicited can not be ignored 
but they are very far from being all attributable to teutonic 
research. The deductions from them we have no reason to treat 
with the same respect. 

Although Ridgeway' leans upon many facts brought to light 
by German archeology and is quite evidently influenced to some 
extent by its conclusions, although he has never written the 
second volume of his “ Early Age of Greece,” it is said because 
the first volume published nearly twenty years ago would have 
to be rewritten, we may regard as correct the view he enter- 
tained at that time that new blood has been always coming into 
the Mediterranean basin from the North, trickling down 
through the Balkan gorges it is true, but coming in larger 
streams from the Black Sea region. Upon this latter route we 
need only fix for a moment our attention with the thought that 
both a priori assumption and such historical and archeological 
evidence as we have points to the probability, if not the cer- 
tainty, that at certain periods, from causes by no means clear, 
this steady trickling penetration has been supplemented by re- 
peated invasions of large bodies of red-haired and blue-eyed 
men which, for a few generations, over varying extents of the 
Mediterranean area, have submerged if not exterminated the 
brown-skinned races. These we call indigenous because back 
of their time we know only the men of the caverns and the Ice 
Age. Such a preponderating northern blood may have existed 
in many parts of the Agean area at the time of the Trojan 
war. Its existence may not have been unconnected with that 
migratory mass which, we have come to believe, at a period 
earlier than that swept through the foothills and mountain 
passes of the Himalayas into India. The only remark that re- 
mains to be made as to the deductions drawn from the indica- 


1 Ridgeway, William, “The Early Age of Greece,” Vol. 1, Cambridge 
University Press, 1901. 
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tions of these ancient currents of migration is that they have 
ignored not only the difference between biological and social 
heredity, but the difference between that part of biological 
heredity which tells for the persistence of the physical charac- 
ters of a race and that part which exhibits its mental and moral 
characteristics. Blue eyes and red hair and skull configurations 
and stature may indeed die out under the change of environ- 
ment from the Danube to the Ganges, but until we have better 
reasons for thinking the contrary, we may refuse to think that 
necessarily means the death of those invisible and imponderable 
psychological traits of race which influenced the later course of 
Greek civilization. 

It is not necessary for our purposes to expand these consid- 
erations as to the more or less doubtful conclusions, at which 
history and archeology have arrived in our days, of the relation 
of the earliest Greeks to neighboring peoples. The only essen- 
tial thing to keep in mind is the extreme probability that, how- 
ever much more forcible the impact of the Persian empire upon 
the Greeks was than the oriental influence which had existed 
before or after the time of Cyrus and his immediate successors, 
there were further back than history reaches constantly open 
channels of commerce and of thought along which ideas may 
have travelled between east and west. Many years ago a facile 
Italian writer, De Amicis I think, declared that at Constanti- 
nople over the bridge across the Golden Horn ten thousand 
people crossed daily, but an idea only once in ten years. To 
Mr. Kipling we owe the despairing apothegm, East is East and 
West is West; without a better bridge for ideas between them 
the future is dark indeed for what Mark Twain called “the 
damned human race.” Despite the fact that De Amicis was 
thinking, in the complacent way we Westerners of recent cen- 
turies are accustomed to fall into, of the flow of ideas towards 
rather than from the rising sun, we must give this train of 
thought the weigt+, in a discussion of our own topic, that is 
its due. 

Now occidentalism may not mix well when poured into 
orientalism, but we need not be too sure that orientalism can 
not be any more readily poured into occidentalism. Pharma- 
cology teaches us that liquids in manipulation act that way 
sometimes. To be conscious that Christian cults, animated by 
all that Western energy and presumptuous vanity can put be- 
hind them, do not hold their own even with Mohammedanism, 
when the missionaries withhold their Christmas sugar plums, 
is a way of realizing the truth of this admixture process. It 
still reminds us of the old doctrine that culture has always 
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traveled with the sun, that orientalism is constantly infiltrating 
the boasted civilizations of the West. This view does not lend 
itself very easily to scientific analysis, because it is one which 
involves so many imponderables. At any rate this rather vague 
feeling out of the evidence will serve to remind us that perhaps 
the so-called Aryans did not carry with them a current of 
Kultur into the heart of the East but doubtless, as has always 
been their habit, left a trail of blood where they passed, as of 
late with the Bible in their hands. 

As I understand it archeological and philological research 
has demolished the view that the Susrutas are the origin of 
some passages of the Hippocratic books. Certainly no one on 
making the comparison can fail to see that one is surely the 
source of the other. Native Hindu scholarship vigorously in- 
sists on the priority of the culture beyond the Hindu Kush, and 
Hoernle? is not by any means entirely convinced to the contrary 
in a general way, but fails to lend any sympathetic support to 
the antiquated view that Hippocrates got much of his doctrine 
from the Ayur Veda of Susruta. We are inclined to flatter our- 
selves with the belief that the physicians in the train of Alex- 
ander carried Hippocrates to “Susruta.” This may well be so 
and still we can not dispel the strong impression that the roots 
of Greek Nature Philosophy were deep in oriental soil and irri- 
gated by oriental thought. For the present we may however 
safely lay the flattering unction to our souls, unmistakable as 
this seems to be, that their chief efflorescence began in an atmos- 
phere of civilization created by the Greeks of the Golden Age. 

There are one or two considerations still to be taken into ac- 
count, in a study of the antecedent cosmic relationship of the 
rise of the Greek nature philosophy, to which I have not alluded. 
One has to do with Space and one with Time. One is a geo- 
graphical consideration and the other a chronological one. It 
has been pointed out that if you follow the space from the 30th 
to the 36th parallels of north latitude round a globe represent- 
ing the earth you will find in a belt measuring north and south 
some 350 miles the deltas of the Nile (32°), the Euphrates 
(36°), the Yangtse Kian (30°) and the Mississippi (30°). In 
prehistoric times there arose mighty civilizations on the alluvial 
deposits of these rivers, the wash of the continents of Africa, of 
both sides of Asia separated by the dividing lofty peaks of the 
Himilayas, and of America. There animal life was easily main- 
tained and sheltered by various configurations of land and 


2 Hoernle, A. F. Rudolf, “ Studies in Ancient Indian Medicine,” Jour- 
nal of the Royal Asiatic Soc. of Great Britain and Ireland, 1906, p. 915; 
“ Studies in the Medicine of Ancient India, Pt. 1, Osteology or the Bones 
of the Human Body,” Oxford, Clarendon Press, 1907. 
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water. The richness of those alluvial deposits, extending far 
up the valleys of the rivers, nourished the beginnings of the 
human race. In the perimeter of the influence of these condi- 
tions cultures flourished, which in the course of many thousands 
of years have been pushed far beyond this favored strip around 
the earth. Miletus, Cos, Colophon and the A°gean Islands, on 
or close to the shores of Asia Minor at the debouchments of the 
Asiatic caravan routes and in the shelter of ports suitable for 
the commerce of antiquity, are the spots where arose and from 
which was dispersed throughout the Greek world the science of 
the nature philosophers. 

As to time, if we use as beacon lights of the infancy of 
science, not yet divorced from religion, the names of Zoroaster 
(660 B.c.), Confucius (550 B.c.), Buddha (560 B.c.), Thales 
(640 B.c.), Pythagoras (582 B.c.) (and whom could we better 
choose to show us when the human mind first began to work 
coherently?) the first thing that strikes us is the comparative 
simultaneity with which they flare up in the abyss of time from 
the Hoangho to the Cyclades. What does it mean? The first 
persistence of written records, perhaps? Take a map and you 
will find these men dwelt on the 35th degree of north latitude 
strung along a stretch of 100° of longitude. We get a glim- 
mer of intelligence, it is true, of cosmic law; it is not exclusively 
one of geophysics, but a far more mysterious one of psycho- 
mental evolution, curiously affiliated with the measurement of 
time. To say that this phenomenon is due to the fact that there 
was a simultaneity in the preservation of the records of the 
thoughts of these men would be as mysterious as to attribute it 
to the simultaneity of the birth of modern mental processes 
itself. We need to concern ourselves further with geo-physical 
processes, but it concerns us to realize that the evolution of 
thought is also one of cosmic evolution. It has had its mar- 
velous sequences and we know the Ionian philosophy must have 
had its antecedents, mysterious as they appear to us. 

It was not alone along the mouths of the Euphrates and the 
Nile the water receded and discovered beneath it to the gaze of 
the philosopher the soil to which it apparently had given birth. 
The steaming vapor arose elsewhere into the air and elsewhere 
air seemed to have its birth from water. When the water fell 
from heaven on the Mesopotamian plains or spread from the 
rising Nile over its banks it gave birth to life itself, still a 
marvel to men from less favored regions who see it for the first 
time springing in the magic of the elements from fruitful 
prairies. So we find Thales saying water is the primeval ele- 
ment of the universe from which all things else spring, not the 
living vegetation alone and the animal life that feeds on it, but 
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the soil too. We can not yet fathom the chronological mystery, 
but we see the basis of the nature philosophy in geophysics at 
least. There is every evidence in the most ancient epics that 
Thales did not first formulate a theory, so supported by the in- 
duction from fact, for ages open to the observations of all delta 
dwellers. Water was worshipped in Babylon. It is not difficult 
to find this also in the Zend Avesta, perhaps contemporaneous 
with the life of Thales and in the Rig Veda vastly older than the 
Ionian philosophy. Some time some editor will allow me to 
collate that evidence, but there is no space for it here. 
Diogenes Laertius* is not only a later but a less capable au- 
thority than Aristotle in the discussion of the philosophy of the 
Nature philosophers, but there is a passage to be found in his 
Lives and Opinions of Ancient Philosophers which serves our 
purpose better. After referring (VI.) to the fact that the 
Chaldeans study astronomy and the soothsaying of the Magi 
and “deliver accounts of the existence and generation of the 
gods saying that they are fire and earth and water” and after 
referring to their belief in omnipresent phantoms in the air, he 
credits Thales with having discovered and invented about all 
things then known. Besides “ he asserted water to be the prin- 
ciple of all things and that the world had life and was full of 
demons.” We get at once in the old philosophers the panthe- 
istic belief of primitive man from a record in an age when it 
was no longer the exclusive point of view, but we get something 
else, the affiliation of Thales with the lore of Babylon and the 
orient, despite the fact that Hermippus is quoted as referring 
to Thales rather than to Socrates the thanks he gave to Heaven 
that he was a Greek and not a barbarian. Thales too dabbled 
in the astronomy and astrology of the Magi and is credited with 
predicting an eclipse, which Murray* ventures to credit with 
the date May 28, 585 B.c. Some said he was a Jew, which is 


8’ Diogenes Laertius, “ Lives and Opinions of Ancient Philosophers,” 
tr. by C. D. Yonge, London. Bohn, 1853. 

I do not wish to clutter up this essay with references and discussions 
aside from the pursuit of the end I have in view, the relation of the doc- 
trines of the nature philosophers to those of Hippocratic medicine, but | 
can not forbear alluding to the now ignored Bayle (Dictionnaire Historique 
et Critique, Amsterdam and Leyden, 1730) who has given by far the best 
summary of the ideas which in antiquity clustered around the traditions 
and the philosophy of Thales, if read in an intelligent way. It gives an 
apercu far enough removed from our day to be divorced from many of 
the ideas which environ us and to allow us an insight not to be gained 
from much more recent historians of Greek thought. 

5 Murray, Gilbert, “ Rise of the Greek Epic,” 2d ed., Oxford, Claren- 
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doubted,* others that he was a Phenician, but Windelband,’ 
accepting the evidence advanced by Zeller, declares he was of a 
Greek family which had migrated from Beotia to Asia Minor. 
However that may be, we find it is said he accompanied Xerxes’s 
army in the capacity of an engineer and he measured the height 
of pyramids in Egypt by their shadows on the sand. 

Much of this may be idle tales, but they are old ones at any 
rate and rested doubtless on a basis of knowledge of his inti- 
mate association with the Persian conquerors of the world. The 
answer, then, as to the reality of Persian influence made by the 
student of history to whom I alluded at the start must be in the 
affirmative, but that oriental influence on the philosophy and 
science of the Greeks began with Cyrus’s short-lived though 
mighty empire can not for the moment be entertained. The 
Medes and Persians were upstart mountain peoples who swept 
down on Nineveh and Babylon and their hoary civilization. 
The empire of the King of Kings stretched from far beyond the 
Indus to the rushing tide of the Hellespont, and we can scarcely 
forbear the belief that many an idea, during a generation or 
two at least, must have crossed the Golden Horn, going west, 
2,500 years before De Amicis wrote his book on Constantinople. 
Routes of travel became secure and so smooth messengers 
passed over them at fabulous speed. Relays of horses and inns 
for horse and man bound distant provinces together. Still, 
great empires had flourished for thousands of years in Meso- 
potamia and Cyrus built his on the ruins of Nineveh and Baby- 
lon and we find Thales in contact with Babylonian ideas and, 
if not looking upon water with the reverence of the Magi, re- 
garding it from the standpoint of philosophy as the elementary 
body of the world, but we may be sure Greece knew of Babylon 
before the rise of the Persian power. Anaximander, who seems 
to be the first Darwinian on record was the contemporary of 
Thales, having supposedly been born after him and to have died 
before him, need not detain us except to take note that in his 
advocacy of mutational ideas he seems to have antedated Hera- 
clitus by a few years, but the latter in his obscure and striking 
phrases impressed it more emphatically on subsequent philo- 
sophical thought. 

We must therefore lay this aside for a moment and seek the 
origin of the thought of Anaximenes in accepting the air as the 
primordial element. This is rather difficult. Indeed it is not at 
all clear how the air came to be regarded as a materialistic con- 


ie Burnet, John, “ Early Greek Philosophy,” 2d ed., London, Black, 
*Windelband, W., “History of Ancient Philosophy,” tr. by H. E. 
Cushman, 2d ed., New York, Scribners, 1906. 
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ception before the time of Empedocles, unless some demonstra- 
tion of an objective nature was familiar to men before the latter 
referred to his klepsydra experiment, but after all that is a 
mere landmark for us and is of no significance beyond a sugges- 
tion of a state of knowledge which may have been long in exist- 
ence. Thales, Anaximander, Anaximenes were all Milesians 
and contemporaries, the latter being regarded as the younger. 
For anything we know of their lives there is nothing to contra- 
dict the assumption that they were acquainted with one another 
and their doctrines like their lives must have been contem- 
poraneous in a relatively small area inhabited by the Asiatic 
Greeks. They must have lived in approximately the same 
atmosphere of thought, subjected to the same cosmic influences, 
yet we find Thales looking upon the water as the elementary 
unit and Anaximenes, disagreeing with the mutational ideas of 
his elder, Anaximander, differing from the authority of the 
still older Thales by the prominence he gave to air in the part 
it played in the universe. We can find no clue to this except in 
the supposition that the air in the thought of Anaximenes was 
the rationalistic inheritance received from the primitive thought 
of the soul. While the invention of the word pneuma is as- 
cribed to Herodotus we may look at the doctrines of Anaxi- 
menes as introducing into science concepts received from ideas 
of men who had long since identified the soul of man with it. I 
can not think that the vapor of Thales’s water ascending above 
the steaming mud flats of the marshes and vanishing into the 
atmosphere could have put that vigor into the belief in the 
potency of air which we recognize in the theory of the pneuma 
as found in ancient medicine. The water, the moisture in its 
influence on vegetation, was an ever-recurring incentive to the 
subsequent doctrine of the humoral theories but we must find 
support in the primitive ideas of the soul for that stimulus 
which we equally recognize in the doctrine of the pneuma. In 
a number of essays* I have developed this affiliation and I need 
only allude to it here. I take however this occasion to remark, 
as a preliminary to a like development of the history of humora! 
ideas, that they owe their expansion and the vigor with which 
they flourished not alone to the philosophical ideas of Thales in 
regard to water, but quite as much to the magical form they 
took in Babylon, which always lends itself so readily to the 
propaganda of belief. 

Trivial and absurd as some of the statements attributed to 
Anaximenes we see in the form of the statement of his philos- 

8“ The Soul and the Breath,” New York Medical Journal, July 20, 
1918; “ The Blight of Theory on the Acquisition of Anatomical Knowledge 
by the Ancient Egyptians,” Ibid., Dec. 7, 1918. 
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ophy which has come down to us® something significant to us in 
the opening phrase of a discourse on the air. “ When it is very 
attenuated fire arises . .. a sort of rarefaction of the air.” 
Now we have no explicit data as to his birth and death, but as 
has been said, he seems to have had personal converse with 
Thales and Anaximander, who both died probably within ten 
years of 550 B.c. All of these, we remember, were born at 
Miletus, which had commerce on every trade route of the Near 
East and had sent out colonies along many of them. It was not 
destroyed by the Persians until about 500 B.c. The birth of 
Heraclitus at Ephesus is sometimes fixed at 535 B.c. As Anaxi- 
menes, like so many of these old men of science whose lives had 
to be stretched out to conform with traditions of various events 
widely separated in time, was supposed to have been then alive, 
his ideas at least must have been familiar to Heraclitus, for it 
is said Anaximenes was an instructor of Anaxagoras in 480 
B.c. At any rate when Heraclitus had arrived at maturity 
doubtless the doctrines of the elder man were well developed, 
with their implication of fire as springing from the air, which 
differed under the influence of its environment in rarity and 
density. Back of this physical conception of fire and heat in its 
rationalistic affiliation with the air lay the impetus of Zoro- 
astrian magic or religion. Thus it seems more than possible 
that the views not only of Thales and Anaximander and Anaxi- 
menes but those also of Heraclitus and Parmenides had not 
only much in common but a common basis in magic. It seems 
to me then that the idea which Lewes,*° among the first of the 
modern historians of the Greek nature philosophers, had, that 
there was some metaphysical doctrine behind them which held 
them together, was fully justified. No fact or speculation is 
saved from oblivion unless it falls on ground which has been 
prepared for its germination into a larger life. 

The views of Heraclitus too doubtless found a more ready 
acquiescence, because his sayings were mystical and obscure to 
such an extent that a thousand years later he even secured the 
approbation of Clement of Alexandria in not trusting alone to 
observation and experiment. He quotes him as saying that 
“eyes and ears are bad witnesses for men, since their souls 
lack understanding.” His further cryptic saying resembles 
that of Anaximenes so much we may doubt if tradition has not 
confused the two. Heraclitus is quoted® as saying “the trans- 
formation of fire are first of all, sea; and of the sea one half is 


* Bakewell, Charles M., “Source book in Ancient Philosophy,” New 
York, Scribners, 1909. 

1° Lewes, G. H., “ Biographical History of Philosophy,” 2 vols., Apple- 
ton, New York, 1857. 
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earth, and the other half is lightning flash. All things are ex- 
changed for fire and fire for all things, as wares are exchanged 
for gold and gold for wares.” We are warned by Burnet® not 
to put too much trust in these reports derived from Sextus Em- 
piricus and indeed we find Anaximenes quoted, as above, saying 
fire is but attenuated air which when it is condensed is “ wind, 
then cloud, then when more condensed water, earth, stones. 
. . . All things are generated by a sort of rarefaction and con- 
densation of air.” The latter saying explains to us more fully 
the development Diogenes Apollonius gave at Athens to the air. 
We have Diogenes Laertius* for authority that he was the pupil 
of Anaximenes and was once at Athens. At any rate whatever 
may have been the exact date of the life of Diogenes Apollonius 
we arrive at the time or near the time of Hippocrates and we 
can perceive the atmosphere into which he was born. We can 
better understand the caution he exhibited and even the hos- 
tility, akin to disgust, which he exhibited in the Book “On An- 
cient Medicine” when he repelled the theories of the Nature 
Philosophers. Socrates, some years his elder, in his way joked 
about it. Diogenes Laertius relates that Euripides once gave 
Socrates a “ small work of Heraclitus to read, and asked him 
afterwards what he thought of it, and he replied: ‘ What I have 
understood is good; and so I think what I have not understood 
is; only the book requires a Delian diver to get at the meaning 
of it.”” Iam sure some of us would agree that Heraclitus was 
not only “‘ the obscure,” but the obfuscated, and thus earned the 
sympathetic notice of Clement. 

With this exposition of the cosmic analysis of Thales, An- 
aximander, Anaximenes and Heraclitus we have of course by 
no means exhausted all that could be said of their mental activi- 
ties nor have we quite exhausted all that is desirable to say of 
the sources accessible to us from which Hippocrates might have 
drawn his ideas. Socrates, we see from another acount, was 
interested though not much enlightened by what Heraclitus had 
to say, but Plato’s works bear indubitable evidence of the in- 
fluence upon the author of the theories commonly attributed to 
Heraclitus. Between the Master whom his pupil made immor- 
tal, between Socrates and Plato in age stood Hippocrates, more 
concerned than either of them with the river of life which the 
physician never finds the same. 

Xenophanes, born 570 B.c. at Colophon, said to have been a 
disciple of Anaximander, was driven by the Persian War, which 
destroyed Miletus and so many of the other Greek cities of 
Asia Minor, from his home and made a beggar, a peripatetic 
impecunious scold, always ready for a jibe and a jest, and in- 
terested in the earth as the primary element of all things. Some 
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one told him that eels lived in hot mud. “Ah well,” he said, 
“we will boil them in cold water.” To him science owes that 
healthy skepticism which refuses belief of even the obvious. 
He was said" to be the friend of Hippocrates, though I can not 
reconcile that to his having been the pupil of Anaximander, nor 
with his having been born in 570 B.c. when Hippocrates was 
porn in 460 B.c. He is even credited with having written the 
Hippocratic treatise “On Ancient Medicine,” which is better 
chronologically. We can conjecture that Hippocrates owed to 
him the caution with which he looked upon theories exhibited 
in other books, usually those regarded as “ genuine,’ whose 
spirit of reserve is in such contrast to that of “The Winds,” 
sometimes said to have been written by Diogenes Apollonius, 
when the air is the cause of everything. Xenophanes at least 
supplies us with the complement of the four elements of the uni- 
tarian philosophers. “ All things come from earth and all 
things end by becoming earth. For we are all sprung from 
earth and water.” 

Thus far I have only outlined those matters of interest 
which are in line with subsequent thought in Hippocratic Medi- 
cine, leaving aside other matters scarcely less essential in a 
study of the broader aspects of philosophy. To this world of 
Nature Philosophy Empedocles is closely allied despite his inti- 
mate connection with the history of Hippocratic Medicine for 
we are already in the age of Hippocrates when we reach Em- 
pedocles, who is supposed in one chronology to have been but 
ten years older than the Father of Medicine. The theory of the 
special senses developed by Alemaeon and Empedocles, is de- 
pendent on atomic doctrine for its very existence, yet they were 
certainly both of them older than Democritus with whose name 
atoms are usually associated. The physiology of the senses 
plays but very little part in the literature of the Hippocratic 
Corpus. The special treatise of Theophrastus™ on the Senses, 
and the historical account of Beare"* in modern times are so con- 
densed that an account of the matter extracted from them 
could be further compressed only at the expense of the elimina- 
tion of much detail in which much if not most of the interest 
resides. It is quite out of the question to attempt such an expo- 
sition here but at any rate from what has preceded we are in a 
better position to measure the originality of Empedocles in his 


11 Gomperz, Theodor, “ Greek Thinkers,” tr. by Laurie Magnus. New 
York, Scribners, 4 vols., 1908-1912. 
122“ Theophrastus and the Greek Physiological Psychology Before 
apa tr. by George Malcolm Stratton, London, Allen & Umvine (7), 
17. 
Beare, John I., “Greek Theories of Elementary Cognition from 
Alemzon to Aristotle.” Oxford, Clarendon Press, 1906. 
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relation to other implications of Nature Philosophy. It was not 
in inventing another unit for a sole element. It was in further 
development of the theories plainly antedating his own life 
span. It was in the greater precision of the combination of the 
elementary constitutents of all things, earth, air, fire and water. 
Of his predecessors Alemzon, the Pythagorean, is supposed to 
have been his master as Leucippus was thought to have been 
the teacher of Democritus, a coeval of Hippocrates (b. 460 B.c.). 
In the sense however that these men taught their pupils any- 
thing new they were not their masters,—the ideas which had 
their birth in ages long past were apparently only carried to 
their logical or illogical conclusions by Empedocles and De- 
mocritus. 

The views of Alemzon, much less those of Empedocles, espe- 
cially as to the senses, could not have been entertained for a 
moment without the appreciation of the minute divisibility of 
matter. We can even suspect this conception was the chief ad- 
vance of the human mind which sapped the foundations of prim- 
itive man’s belief in the demonic etiology of disease. What- 
ever weight this thought is entitled to, we can easily realize that 
a mighty obstacle to the advance of ethics was rolled from his 
path when man came to realize he could not escape from evil by 
transferring evil to some one else. Primitive and even much 
later man often acted on the assumption that if he passed on 
his disease to another he must necessarily thereby get rid of 
the devil that was gnawing at his own vitals. Bacteriology has 
got rid of that difficulty by inheriting from Leucippus or his un- 
known forerunners the doctrine of the minute divisibility of 
disease devils in the body. What is the good of passing on this 
sort of spawn to another? Plenty more must be left behind. 
The minute divisibility of matter had more to do with the doc- 
trines of Alemzon and Empedocles and even more to do with 
modern bacteriology than they had to do with the physiology of 
the Hippocratic books, yet in the doctrines of the pores, a neces- 
sary corollary of atomic apperception of sense objects, we find 
ample reason for alluding to Leucippus and Democritus in the 
history of Hippocratic, Platonic and later physiology and 
therapy. 

Pythagoras lies a little apart from our interest, not only be- 
cause his strange preoccupation with numbers did not have 
much influence upon subsequent medical history in the time of 
Hippocrates, but I am personally quite unable to understand 
either the strength of his propaganda in antiquity or the phe- 
nomenon of its origin. We can as a rule run down or rather 
ascend the currents of thought to their sources in the emotions 
or the comprehensible aberrations of reason of primitive man, 
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but, though the invention of numbers had its magical affilia- 
tions, this was very long indeed before Pythagoras brought 
back to Crotona the doctrinal teachings of the orient and very 
long after men on the sea coasts were accustomed to figures and 
to figure. The mystery which surrounded magnetic iron, or 
radium or any other new thing is sure to attract an eager crowd 
of the credulous longing to be astounded, and of those eager to 
do the astounding, but this sort of mushroom cult produces no 
such extended and long persisting attention as the doctrine of 
numbers spread by the Pythagorean sect to Plato and through 
Plato to the Neo-Platonists and to medizval thought. Pytha- 
goras however was the teacher of Alemzon and though the 
latter is said’ to have stood aloof from the number theory, he 
doubtless had from the chief of his sect the idea, subsequently 
and to this day pervading all medicine, that health is an equilib- 
rium of forces, an idea in consonance with that of harmony as 
a general principle which rules cosmic affairs. How far Alc- 
mzon anticipated Empedocles in rejecting unitarian ideas of 
the elemental constitution of matter and its inevitable influence 
on the unitarian conception of the etiology of disease, we may 
perceive, if we accept the fragment** attributed to him. “The 
preservation of health is the equipoise of forces, of the wet, dry, 
cold, warm, bitter, sweet, etc., the predominance of one alone 
produces disease. The activity of one of the opposing prin- 
ciples works harmfully. Indeed cases of disease, so far as the 
causes are concerned, are to be traced back to the preponderance 
of heat or cold, dependent upon too much or too little food, af- 
fecting the blood, the brain or the marrow; but diseases also 
arise from external causes, from certain waters or regions, or 
from fatigue, or famine or the like.” This reminds the student 
of Hippocrates at once not of “ Ancient Medicine” alone but of 
the “ Airs, Waters and Places.” 

We are unable to trace the theory of pores further back than 
Alemzon, but wherever the atomic division of matter, especially 
in its application to the beginning of physiology of the body of 
men and animals, first began to engage the thoughts of men, the 
pores for them to enter must have arisen in the speculations of 
the human mind. If Leucippus was the teacher of Democritus 
who was born in 460 B.c., he must have been rather the contem- 
porary than the teacher of Alemzon who was the pupil of Py- 
thagoras; teacher of Democritus who was coeval in birth with 
Hippocrates he could scarcely otherwise have been. In fact we 
know nothing of the birth or birthplace of Leucippus. Accord- 
ing to Aristotle he is removed to a date as early at least as the 
old age of Pythagoras whose birth is placed about 570 B.c. 


* Diels, Hermann, “ Die Fragmente der Vorsokratiker,” Berlin, 1903. 





140 THE SCIENTIFIC MONTHLY 


These dates are most of them irreconcilable with so much that 
is said about the doctrines attributed to the various personages 
that we are lost in a maze, but we have good reason to doubt 
that the ideas of pores in and on the surface of the anima! body 
to receive the atoms of Leucippus originated with Alemzon. 
Different sizes and shapes of these, which, of course reminds 
Gomperz™ of the theory of his countryman Ehrlich, given off 
from the object seen, heard, smelled, tasted and even felt serve 
to complete rather than to originate or even elucidate the 
thought supplied as a basis of the theory of perceptions."* It 
no doubt also opened the way for Empedocles to form later his 
teachings of respiration and perspiration through the tissues 
and their external covering. It supplied Plato with the thought 
of his wonderful scheme of the network of the body. Its affilia- 
tion with what histology has revealed to us of the minute struc- 
ture of the connective tissues is easily demonstrable and is as 
striking an example of how the generalizing power of theory 
outruns the knowledge of facts as that of the atomic theory 
itself. Theory so remote in time as this was forming a soil in 
which future science could find a suitable place for accepting 
facts which otherwise would have been lost with myriads of 
others less fortunate, which have been exposed and perished in 
the immense stretch of time which has since intervened, for the 
want of a proper environment. 

Having given us the most plausible definition of the etiology 
of disease, having advanced and expanded a preexisting atomic 
conception of matter, Alemzan, according to the records, was 
the first to declare and possibly to demonstrate by the dissection 
of animals that the brain is the sensorial center and the origin 
of the nerves. I think Burnet* has not sufficient evidence to 
show that Hippocrates himself, if we accept Littré’s classifica- 
tion of the Hippocratic Corpus, grasped this view at all, though 
Plato** evidently was influenced by it in placing the higher, the 
rationalistic part of the soul there. This teaching of his elder 
made no impression on Empedocles and Aristotle totally and 
specifically repudiated it.** Galen established it more firmly, 
for this fact did not perish, since it is evident in some of the so- 
called spurious books of the Hippocratic Corpus. We recognize 
in Alemzon, from the little tradition has left us, a mind com- 
mensurate with that of Hippocrates himself. It is impossible 
to take up here the physiology and, in the broader use of the 
term, the cosmic theories of Empedocles, for I look upon them 
as indissolubly connected with Hippocratic medicine itself. 


15 Plato, “ Timaeus,” 73. 
1¢ Aristotle, “ History of Animals.” Lib. II, Cap. 4. 
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THE ECONOMIC IMPORTANCE OF THE SCIEN- 
TIFIC WORK OF THE GOVERNMENT. II 


By Dr. EDWARD B. ROSA 
CHIEF PHYSICIST, BUREAU OF STANDARDS 


COOPERATION BY THE GOVERNMENT IN INDUSTRIAL RESEARCH 
AND STANDARDIZATION 

The success of industrial research work by the government 
has been amply demonstrated. That government laboratories 
have done scientific and technical work of the highest quality, 
and done it efficiently and acceptably to the public, is generally 
admitted by those well qualified to speak. Their efficiency will 
not suffer in comparison with that of commercial organiza- 
tions. It is doubtful if any commercial organization could 
approach the performance of government laboratiories if the 
Board of Directors had maintained an inflexible and inade- 
quate salary scale for all the more responsible technical and 
administrative positions as the government has done. 

Scientists and engineers in the service of the government 
appreciate the opportunity of carrying on researches and con- 
structing public works in the public interest, and of being able 
to make investigations and publish results unfettered by com- 
mercial considerations. In consideration of these advantages, 
many are willing to remain in the government service at less 
salary than could be earned elsewhere. Until recently the 
government has been able to retain its able men on the average 
nearly as well as the colleges and the industries. During the 
past few years, however, circumstances in this respect have 
changed. While the cost of living has nearly or quite doubled, 
and salaries in the industries and in many of the colleges have 
been considerably increased, government salaries have in- 
creased very little and in the higher grades not at all. The 
result is that in many cases men can not support their families, 
and are obliged to seek employment (or accept employment 
offered or urged upon them) at a living salary. In many 
cases men who are making a splendid success and have re- 
garded the government service as their career, leave their 
positions from necessity and with the greatest reluctance. 
Often these positions can not be filled and the work suffers or 
ceases altogether. It is believed, however, that this condition 
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will not continue indefinitely. A readjustment of the salary 
scale must be made if the government is to have the services of 
a competent and permanent staff to conduct its scientific and 
administrative work. In view of the splendid success achieved 
in the past, it does not seem possible that this essential part of 
an effective government will be allowed to disintegrate and go 
to pieces. Industrial research conducted by the government 
with the active cooperation of the industries, and in some cases 
of the states, may be made even more important and success- 
ful in the future than in the past; for it is needed now more 
than ever, and is appreciated as never before. 

In order to give a more concrete idea of the practical use- 
fulness and economic importance of research and standardiza- 
tion, a number of special cases will be cited in the field of the 
Bureau of Standards. These cases are chosen partly because 
I am especially familiar with the work of this Bureau, and 
partly because there appears to be at this time especial need 
of the kind of constructive scientific research in the manu- 
facturing industries which it is one of the functions of this 
Bureau to carry on. Equally striking examples could be cited 
in Agriculture or Mines or other lines of government research. 


STANDARDIZATION AND RESEARCH IN THE BUILDING INDUSTRIES 


For several years recently the building of homes has been 
almost suspended, and now there is a scarcity of houses in 
many cities. Meantime the cost of building has increased 
enormously, due to the greatly increased cost of labor and ma- 
terials. In consequence real estate and rents have risen beyond 
all precedent. There never was a time when it was so neces- 
sary to use building materials intelligently, to reduce waste, to 
simplify design and construction, to standardize dimensions 
and methods, to make parts interchangeable and fit together 
readily, so as to economize labor and reduce costs. If standard 
specifications could be prepared and agreed upon in a much 
larger number of cases than has yet been done it would greatly 
facilitate the work of architects and builders; and if building 
methods and the requirements of city building codes could be 
thoroughly studied and revised this also would aid in reducing 
building costs. It seems probable that hundreds of millions of 
dollars could be saved within a few years if a comprehensive 
and intelligent study were made of all phases of building, 
including fire prevention and the plumbing, heating, light- 
ing and hardware equipment of buildings. It would also re- 
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duce the cost of repairs and maintenance of these buildings; 
partly because deterioration would be slower and failures 
would be less frequent, and partly because repairs would be 
easier and cheaper to make. The government would do only a 
portion of this work of research and standardization, as many 
engineering societies, industrial organizations and manufac- 
turers would cooperate. But the government should take the 
lead, and do an important part of the research work, and noth- 
ing which the government could do would be more useful and 
constructive, or would be more appreciated by the building in- 
dustries and the public. Standardization work of the kind 
suggested has great educational value, to architects, to builders, 
to manufacturers, to jobbers, to building owners. It would 
tend to improve the design and methods of building, and 
would simplify many building problems as well as lower the 
cost. Is there any good reason why such a constructive pro- 
gram of cooperative study should not be undertaken? Can 
the people of this country afford to go on without it under 
present conditions? 


STANDARDIZATION AND TESTING OF AUTOMOBILES 


The automobile industry is one of the most important of 
our industries, and motor vehicles of all kinds play a most 
important part in the business and social life of the people. 
Several billions of dollars are expended each year in the pur- 
chase and maintenance of motor vehicles. Great improve- 
ments have been made in recent years in their design and con- 
struction; on the other hand, the quality of materials and 
workmanship has in many cases gone backward. Much 
progress has been made toward the standardization of the 
materials and parts of motor vehicles, and great credit is due 
to the automobile industry therefor. But there is great need 
for further systematic study and the preparation of specifica- 
tions and tests, and the encouragement of testing so that pur- 
chasers may know better what they are buying and selling 
agents may describe their machines more precisely. The in- 
terests at stake are so enormous, and the possibilities of service 
to the public are so great, that it seems imperative that more 
should be done by the government to assist the industry in its 
great task. 


GASOLINE AND MANUFACTURED GAS 


Gasoline is getting scarcer and dearer every year, and yet 
not enough is being done in a systematic way to show how to 
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economize in the use of gasoline. A thorough investigation of 
carbureters and fuels, and certified tests of the performance of 
all makes of automobiles, would be a great value in economiz- 
ing in the use of gasoline, and giving the public as much service 
as possible for a given expenditure. The Bureau of Mines and 
the Bureau of Standards have studied different phases of this 
question, but neither has been able to do as much as should 
be done. With millions of automobiles in daily use, and gaso- 
line constantly rising in price and deteriorating in quality, can 
the public afford to have the government fall short in a matter 
of so great economic importance, and of serious personal con- 
cern to so many? 

Manufactured gas is used for cooking and lighting by many 
millions of people and by the industries for scores of uses. A 
large part of this gas is made by the use of petroleum oil to 
enrich blue water gas of low heating value. Recently this gas 
oil has become scarcer and dearer, and it threatens to become 
still more expensive and perhaps impossible to get in sufficient 
quantity. That will necessitate the use of lower grades of oil, 
or the production of lower grades of gas, or a change of manu- 
facturing equipment at enormous expense. Individual gas 
companies can not study so fundamental a question compre- 
hensively; individual cities or states can not assume the re- 
sponsibility of solving the problem for the entire country. The 
proper agency to take up this question is the federal govern- 
ment, with the cooperation of the gas companies and the oi! 
companies and the state and municipal authorities. Such a 
comprehensive and constructive study would be of great yalue 
and would have the sympathy and support of all the important 
interests. It should include the matter of raw materials, 
manufacturing methods, and the relative usefulness of the 
various grades of gas that can be produced. 


PUBLIC UTILITIES 


The government should cooperate actively with gas and 
electric and railway and telephone companies in the study of 
the many engineering questions involved in rendering good 
service to the public. The changed economic conditions of re- 
cent years have made it impossible for many public utility com- 
panies to meet expenses. In some cases they have gone into 
the hands of receivers, in many other cases they escape by 
putting up rates. But advancing the rates beyond a certain 
point reduces the sales and does not give a proportionate 
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benefit. The public in the end must pay all the cost, and the 
public is vitally concerned in having efficient and economical 
management of these utilities. If the government could help 
the companies to help themselves, it would often be better than 
an increase in rates. The government could render a service 
of immense usefulness and importance by studying the prob- 
lems of the public utilities and helping the companies to secure 
more efficient operation and a better understanding by the 
public of their difficulties and their needs. The utilities are a 
special kind of partnership between their owners and the 
public, in which the owners agree to furnish the plant and the 
service and the public grants a monopoly privilege and agrees 
to accept the service rendered and to pay the cost. If the 
company’s credit is impaired or it fails altogether the com- 
munity, as well as the company, suffers. It is evident, there- 
fore, that the public should take a keen and intelligent interest 
in public utility problems, and especially in the situation which 
has resulted from the rising cost of labor and commodities, for 
which the companies are not responsible. The government has 
been rendering important service of this kind, enough to demon- 
strate its value and to show that cooperation in this work is 
practicable. But it could render a service of vastly greater 
importance to the utilities and to the public, by an expenditure 
say, of one million dollars per year for research and education 
on utilitiy problems. That would be only one cent per year 
per capita of the country’s population, whereas the value of 
the service that would be rendered to the public would possibly 
be fifty or a hundred times the cost. 


STANDARDIZATION OF ELECTRICAL BATTERIES 


One of the most productive lines of research at the Bureau 
of Standards recently has been a study of electrical batteries, 
primary and secondary. They are used in great numbers for 
starting and lighting automobiles, for tractors and other elec- 
trie vehicles, for electrical power stations, for telephone ex- 
changes, railway signals, door bells, flashlights and a hundred 
other purposes. No adequate specifications or methods of test 
had ever been generally agreed upon when the Bureau took up 
the work. They were sold without guarantee or adequate 
statement of performance, and the purchaser had no way of 
ascertaining just what he was getting. The manufacturers 
have cooperated cordially and intelligently in the study that 
has been in progress, and in time it is expected that a complete 
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set of specifications and methods of tests will be developed. In 
the meantime the manufacturers have derived important bene- 
fit from the investigation and the public is getting a better 
produet. Possibly a hundred million dollars’ worth of these 
batteries are made and sold each year, and if this work could 
be carried on more adequately and as thoroughly in all lines 
as it has already been in some lines, it seems a safe statement 
to make that the public would be benefited not less than five 
per cent on the entire product. This would amount to five 
million dollars per year, which is several times the cost of al! 
the work of the Bureau of Standards, and more than a hun- 
dred times what the battery work would cost. This kind of 
research and educational work is like seed that falls on good 
ground and springs up and bears fruit, some thirty, some sixty 
and some a hundred fold. 


TESTING OF GOVERNMENT SUPPLIES 


For many years electric lamps purchased by the govern- 
ment have been systematically inspected at the factory and 
samples selected for life test in the laboratory. The informa- 
tion so obtained is utilized in the preparation and periodical 
revision of standard specifications which are used in the pur- 
chase and testing of lamps. Formerly lamps were bought by 
each department or government establishment separately, 
without specifications or tests. The prices were relatively high 
and the quality of the lamps often uncertain or poor. Electric 
lamps are made by highly specialized technical processes. It 
is very easy to make lamps that will give light, but difficult to 
make lamps of high quality. Since government purchases of 
lamps have been consolidated into large contracts and have 
been tested according to proper specifications, the prices have 
been the lowest and the quality of the lamps the highest that 
the market affords. The ordering of lamps by each depart- 
ment is now a simple routine operation, whereas formerly the 
separate purchasing of lamps involved dealing with agents of 
various manufacturers and guessing as to who offered the best 
values, taking into account prices and such information as was 
available as to quality. The systematic testing of lamps by the 
government not only protects the government in its purchases, 
but it protects the public in large measure, for the testing tends 
to keep up the quality of the entire product, and so benefits the 
public. The value of this work, which puts the purchase of 
lamps by the government on a business basis, and protects the 
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manufacturer of a high-grade product as well as the user, is 
many times the cost of the work. The influence of the govern- 
ment, instead of being hurtful as it formerly was, is thus stimu- 
lating and helpful to the industry, tending to raise the quality 
of the product and to improve business methods. 

The testing of paper for the government is another example 
of constructive work which puts the government’s purchases 
on a business basis and tends to help the industry instead of 
degrade it. Formerly the government bought paper in great 
quantities on incomplete specifications with inadequate tests. 
Manufacturers knew that they could supply something differ- 
ent from what was specified, and one who was willing to do so 
had the advantage over one who supplied what was called for. 
This was an intolerable situation which was corrected when 
the specifications were made adequate and tests were complete 
and systematic. 

The value of such work is incomparably greater than its 
cost, and it would be well if all government purchases were as 
intelligently and systematically handled as lamps and paper 
and certain other products now are. It is proposed to estab- 
lish a central purchasing bureau and to have supplies pur- 
chased and delivered in wholesale quantities and tested as to 
quality, instead of ordering small lots separately that can not 
be inspected or tested systematically. This would be a long 
step forward in putting the business of the government on a 
business basis. 

TEXTILES 


The textile industry is one of the largest and most im- 
portant of our industries and one which concerns every man, 
woman and child in the country. If textiles were standard- 
ized, so that they could be bought and sold on adequate and 
intelligent specifications, and consumers as well as wholesale 
and retail dealers could know what they are buying and could 
get what they pay for, it would be of enormous benefit to ail. 
Suppose the brand or name of every textile product was de- 
fined in such a way as to convey precise information, and the 
same name always meant the same quality. And suppose that 
dyes were tested and certified, and one could depend on the 
mark as to their permanence, and were told what conditions 
they would stand or would not stand. Would it not be worth 
hundreds of millions of dollars every year to the public to 
have such information? And would it not be a boon to honest 
dealers, both wholesale and retail? The only class to be in- 
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jured by such a situation would be those who thrive by mis- 
representation or by selling inferior goods on their appearance 
without representation. It seems almost certain that money 
intelligently spent in research and education along the lines 
indicated would yield results of very great value, and while it 
would involve some expense and trouble, it would be construc- 
tive and wealth producing and would raise the standards of 
business. It seems certain that it would be as useful as the 
grading of lumber, or cattle, or wheat. 


THE CHEMICAL INDUSTRIES 


Rubber, leather, paints and the chemical industries gen- 
erally, include a vast number of products which should be 
standardized and described in intelligent specifications. In 
many cases the product can be materially improved with little 
or no expense, if available information is utilized. Often it is 
the difficulty in securing information and not reluctance to use 
it that explains the poor quality. There are great numbers of 
small manufacturers who would avail themselves if they could 
of information to improve their product, but who can not 
afford to engage in expensive research to get the information. 
The government could supply thousands of small manufactur- 
ers with information on hundreds of subjects if an adequate 
staff were made available to do the work, and this would be 
of direct benefit to the public which pays the cost. This is 
cooperative work of the most practical sort, and it has been 
done already in enough cases to demonstrate how productive 
of good results it is. 


SCIENTIFIC INSTRUMENTS 


The manufacturing of scientific instruments has recently 
come to be an important industry in this country. This is 
partly owing to the greater use than formerly of scientific 
instruments in the industries, and partly to the war which has 
largely reduced the importation of scientific apparatus from 
abroad. An increased protective tariff is proposed to en- 
courage and protect American manufacturers of such appa- 
ratus, but if there are no standards of excellence set up and no 
adequate specifications or guarantees, the purchaser will often 
be uncertain of what he is getting when he buys such appa- 
ratus. The government would do well to cooperate actively 
with the manufacturers and with scientific and engineering 
societies in standardizing and describing scientific apparatus, 
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so that the manufacturer will know better the properties and 
capabilities of his own output of apparatus, and the purchaser 
will know how to select apparatus and whether he gets what 
he orders. In other words, scientific apparatus should be scien- 
tifically described and intelligently used, and the government 
could render an invaluable service in aiding to bring this about. 
In passing, it may be remarked that the manufacturers of this 
apparatus will do their part in such work. They are calling 
for greater service from the Bureau of Standards in instru- 
ment testing than it is able to render because of lack of men 
to do the work. 


SAFETY RESEARCH AND THE PREPARATION OF SAFETY CODES 


One of the most valuable opportunities for cooperative 
work by the government is in safety research and education; 
that is to say, in studying methods of reducing accidents in 
the industies and in everyday life, in formulating sets of 
safety rules or codes, and in assisting the state industrial com- 
missions in adopting them and manufacturers in complying 
with them. More than 3,000,000 industrial accidents occur 
every year, of which 25,000 are fatal. Many millions of dol- 
lars are expended annually by employers for accident com- 
pensation, and many millions more are lost by injured em- 
ployees in wages not compensated. Nearly every state has an 
accident commission which supervises the collection of com- 
pensation for accidents, but many of them do very little to 
reduce accidents. A few states have provided their commis- 
sions with generous sums to enable them to prepare safety 
rules and put them into effect, and valuable results have been 
secured by such efforts. Recently a comprehensive program 
of safety work has been prepared in which many agencies will 
cooperate. This work includes the preparation of nearly a 
hundred different safety codes, covering the hazards of manu- 
facturing in many different industries, transportation, mining, 
and the use of electricity, gas, machinery, and explosives by 
the general public. These safety codes are more than mere 
sets of safety rules, often amounting to a standardization of 
engineering practise in many aspects of an industry, and being 
of great value in promoting efficiency and good practise as 
well as safety. They are prepared by the active cooperation 
of all the interests concerned, including engineering societies, 
industrial and insurance associations, state accident boards, 
manufacturers of machinery and appliances, and the federal 
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government. The work of preparing the codes involves study 
and discussion, a comparison of experience and a considera- 
tion of the best operating methods. Efficiency and good 
service are considered as prominently as safety. Some of the 
more important examples of these codes are the Steam Boiler 
Code of the American Society of Mechanical Engineers, the 
Electrical Fire Code of the National Fire Protection Associa- 
tion, the National Electrical Safety Code of the Bureau of 
Standards. A national elevator code, codes for steel mills, 
blast furnaces, foundries, machine shops, textile mills, saw 
mills, and dozens of other industrial establishments are being 
prepared or are under consideration. The government is ren- 
dering a valuable service in this work, but the work suffers for 
lack of funds. The industries, the engineering societies, and 
the state commissions are doing their share of the work. The 
government’s share is important and should be well done. 
The cost of the work is trifling in comparison with its value, 
and it does not seem possible that this work will be allowed 
to lag or cease for want of funds if the general public could 
but understand its immense importance and usefulness. Aside 
from questions of humanity and the economic value of human 
life, the losses in wages and the damages paid in compensation 
amount to so many millions annually that the small amounts 
required for the government’s share of the work are signifi- 
cant in comparison. Probably no work of the government is 
more useful or more productive in proportion to its cost, and 
none is more needed by the country at large. The states and 
the industries are waiting to put these safety codes into effect, 
and the great advantage of national uniformity will result if 
they are prepared so well that they can come into general use. 
The work should be strengthened and enlarged at an early day, 
as a measure of efficiency and economy as well as of humanity 


and good government. 
(To be concluded) 
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THE ROLE OF INVESTIGATION IN THE 
MAKING OF A MUNICIPAL UNIVERSITY 


By Professor E. L. TALBERT 
UNIVERSITY OF CINCINNATI 


S investigation of the order of genuine graduate work appro- 
priate in a municipal university? If so, what are its ob- 
stacles and its opportunities? Since no American institution 
of higher education supported mainly by municipal taxation 
has yet succeeded in building up graduate departments of first 
rank, these questions must be answered in part by recourse to 
history, theory, and prophecy. 

First traditional practises and beliefs, then realization of 
their inadequacy, followed by critical reflection—this is a re- 
curring sequence which the history of thought records. Cus- 
tom precedes analytical inquiry. The background of the lead- 
ers of the Greek Enlightenment was a tropical growth of 
conventional opinions about nature and man. Inconsistencies 
and conflicts of belief were the source materials of the Sophists 
and their successors. Plato in particular owes his place in 
the history of reason to his sustained, daring, and passionate 
quest for intellectual synthesis. Plato and Aristotle were ex- 
ponents of the critical and constructive spirit of the higher 
learning. In turn their teaching became a tradition of the 
schools. 

In America the colleges were founded largely to develop 
moral attitudes, to perpetuate doctrines, and to advance the 
corporate interests of religion. That the New England college 
was a splendid contribution is a position needing no defense. 
Its intense conviction of the importance of individual and 
intimate experience with realities is a permanent element in 
the equipment of the scholar, although the introspective tone 
of its theology was not congenial with the realism of experi- 
mental science. Its realities were spiritual, and the issue of 
its philosophic temper, broadened and deepened, was not science 
but speculative idealism perhaps best represented by the late 
Professor Josiah Royce. So intense in the early days was sub- 
jective belief that patience with objective evidences was difficult 
to attain; the opposition to Agassiz and the long fight in Har- 
vard College to establish the teaching of physics and chemistry 
are indicative. 
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The colleges were sectarian, teaching a tradition selected 
from the rich accumulation of ancient and modern literature, 
The emphasis on the classics was excellent in order to bring to 
the student a unitary comprehension of the ancient Greek and 
Roman world, even if part of the interest in languages was to 
support a doctrine of mental gymnastics, and to disparage the 
contribution of the pagan peoples. The sectarian bent brought 
a principle of narrowness and partiality, opposed to the freedom 
and scope of the spirit which seeks unity and objectivity of 
judgment. 

In the course of events the colleges of arts no longer con- 
fined themselves to the training of those who were expected to 
carry on traditions, but the weight of the past determined their 
direction and function. The curriculum was there as truth, to 
be learned and absorbed. Excellent as was its mission, the 
American college did not and does not incarnate the idea of a 
university. 

Neither do the professional schools give outlet for long- 
continued brooding, suspended judgment, and critical examina- 
tion of the postulates upon which technical instruction is based. 
Both colleges of arts and professional schools teach results 
primarily. They deal with approved and classic literatures and 
philosophies, accepted methods and conclusions of science. 
They enlarge perspective, organize traditions, present theories 
underlying practises, without reshaping the theories according 
to the logic of the facts. They afford little time for digging be- 
neath the practise of medicine and law. Assembling under one 
management a number of colleges of this character does_ not 
make a university. Geographical contiguity and legal incorpo- 
ration are accidents, not essential properties of a university. 

Up to this point the considerations which have been ad- 
vanced in behalf of the currently accepted distinction between 
the respective ideas underlying colleges and universities would 
apply to all institutions of higher education, urban or rural, 
state or privately endowed. A graduate school, or a consider- 
able number of departments dedicated to exploration and syn- 
thesis, is a prerequisite to all establishments aspiring to uni- 
versity rank. 

There are certain conditions in a municipal institution 
which bear not so much on the question of theoretical necessity 
of investigation in order to round out a university, as on prac- 
tical questions of possibility, hindrances, and opportunities. 
In this discussion the writer has in mind the municipal univer- 
sity with which he is most familiar. The history of the colleges 
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now incorporated as the University of Cincinnati has reflected 
the general movement in America—first a college of liberal arts, 
then technical and professional schools. It is no secret that in 
the college of arts here as in other colleges during the formative 
period the teaching and atmosphere were formal and disci- 
plinary. There were recitations from texts, marks, and strict 
tutelage alternating with student insurrections. Following a 
universal trend the college of arts became more liberal in cur- 
riculum and government and the professional schools more tech- 
nical, as the standards of the professions grew more exacting. 

In a municipal institution the demand of the community is 
more direct and compelling than in private colleges. They who 
pay taxes to maintain a university demand return-values. They 
expect their sons to be trained in medicine, engineering, and 
law, their daughters to be fitted for teaching. A municipal 
university must connect with the insistent needs of the com- 
munity. It publishes the virtues of cooperation, of application 
of theory to life, of organic relation between school and institu- 
tions outside. 

Important results of the demand and the principle follow. 
Professors in the colleges expend most of their energy in teach- 
ing, and as time allows, in keeping up with the literature of 
their fields. Incidentally some members of the staff must bear 
the burden of supervisory and administrative duties. 

Students are hard pressed to assimilate a mass of technical 
facts, to gain professional skill, and to “cover the ground” of 
an arts course. At a period of their lives when generous en- 
thusiasms and powers are waking they are expected to famil- 
iarize themselves with a ground which has been traversed by 
others. Obedience, not initiative, is required. 

Commercial standards are likely to pervade the community, 
hard to reconcile with the specifications of detachment, remote 
ends, patience, and restraint which are eulogized in all descrip- 
tions of the aims of graduate instruction and research. 

These consequences, in so far as they relate to the excessive 
labor of professors and the pressure on students, are not sub- 
stantially unlike those which face all colleges which grow rap- 
idly in student population and differentiate into schools and 
colleges, in response to popular demand. The third result, 
however, the utilitarian temper of the community, although not 
peculiar to cities, deserves special attention, since at first glance 
it appears to block all advance in the direction of the higher 
learning. To the criterion of utility the first reaction of the 
scholar (whose lot is teaching in a municipal college and whose 
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past training has been in subjects remote from the hurry and 
immediacy of application) is definite and more or less violent, 
according to temperament and rearing. Tax payers are de- 
scribed in uncomplimentary terms, among them being “ ple- 
beian,” “materialistic,” “hard-headed,” “and near-sighted.” 
After a time a stage of peace and resignation to the daily tasks 
of teaching comes on, succeeded by some perception of the citi- 
zen’s point of view, and, if the teacher is wise, more attention 
to independent study, even if circumstances are unpropitious. 
In the University of Cincinnati a graduate school has existed 
for some years. The output of reviews, articles, books, and 
degrees has been considerable, and in some departments there 
now are sufficient laboratory and library facilities, as well as a 
sufficient teaching staff, to make graduate work worthy of its 
name. The record has been made in spite of the obstacles noted 
above, and largely by expenditure of money raised by taxation. 
In defense of the attitude of the taxpayers, it must be con- 
ceded that the first obligation of a municipal college is the train- 
ing of undergraduate students for a worthy calling. This has 
been the historical point of departure and can be justified on 
grounds of common sense and finance. Now that the printed 
word has lost its magical potency even in the eyes of the un- 
learned, the book and all learning are judged by tests of experi- 
ence. Although the philosopher may inveigh against the test 
of future consequences in estimating the complete worth of 
anything, he should not lose sight of the fact that the attitude 
of the community is consonant with one feature of natural 
science, whose method is factual, realistic, hypothetical, and 
pragmatic. Concepts of science represent past, present, and 
anticipated experience. Especially the scientific departments, 
pure and applied, have little reason for objecting to their own 
temper and method when they chance to be used by laymen. 
After all, it is not altogether a tragedy for a man to start 
work under the stimulus and “control” of anticipated eventual 
use. There is no good reason why productivity and invention 
may not be furthered by a future reference. There may be 
something vigorous and sane in the plain man’s view. Munici- 
pal colleges which aim to develop graduate departments may 
well stress those phases of advanced work in chemistry, physics, 
engineering, pathology, bacteriology, and medicine which have 
some prospect of being useful, the results patent, and symbolic 
because of their great service. How to combat bacteria, to 
build bridges, and to decrease the overhead expenses of city 
administration are intrinsically worth while as problems of 
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research, and they have the additional instrumental value of 
leading to general interest in other fields of study in which ap- 
plications are remote if not impossible. In a municipal insti- 
tution, therefore, to appoint a considerable proportion of fel- 
lows whose investigations will be likely to lead to results which 
will come home to the community is a justifiable policy. First- 
rate students will accept fellowships on this basis with more 
readiness, since successful study in fields of applied science 
leads easily to positions (other than teaching) carrying decent 
salaries. 

The main consideration, however, is that the approach to a 
proper valuation of graduate work in a democracy may well be 
the appreciation by the community of the concrete benefits of 
research. This stage once reached, there may develop a broader 
conception of the mutual relation between “pure” and “ ap- 
plied” fields of learning, the community learning to value lines 
of research which promise no application in our generation. 
In fact, “applications” have a two-fold relation; they have 
their basis in generalizations of science which have in part 
been worked out by thinkers whose intent was merely theoret- 
ical, who valued problems for their own sakes. On the other 
hand, applications often revise abstract concepts and set new 
problems of a theoretical nature. If the community can be 
made to see that the continued increase in the conveniences and 
the safeguards of life depends upon the maintenance of a de- 
partment devoted to following up problems, it will be ready to 
support a graduate school. 

It may be, too, that a department having the intelligent ap- 
proval of the community will rest upon a sounder and more 
lasting foundation than one supported by the gifts of wealthy 
men, although private bequests are absolutely necessary during 
the initial stages. However well founded these assertions may 
turn out to be, a moderate claim is this: since graduate schools 
should have individuality, one that is backed by the consent 
and money of the environing municipality will be a significant 
departure from the older type, the privately endowed graduate 
school. 

A defensible proposition, then, is that the intimate reaction 
of the municipality upon the college which appears in a demand 
that the college be of direct benefit to citizens at first may re- 
semble a stone wall, then prove to be an open door, if the instru- 
mental value of higher learning is once demonstrated. A grad- 
uate school may be built upon the animus of securing a good 
basic life for the community and progressively refine the con- 
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ception of a good life in terms of remote benefit to future gen- 
erations. In this event there may be a generous support of a 
relative and functional detachment of the scholar from prac- 
tical concerns, a state which now in popular apprehension is 
ground for suspicion and reproach. 

First to be stressed is the probational réle of investigation 
in the field of the natural sciences in a graduate school which 
early must meet the objection of ordinary citizens that they 
will not support a group of dilettanti. There is another almost 
untracked territory which should be explored, the field of the 
social sciences. Concepts, methods, and data should be exam- 
ined and recast. Serious, detailed, and comprehensive studies 
of social phenomena operating within restricted localities would 
furnish a body of comparative material which is essential in 
the formation of sane policy and legislative machinery, munici- 
pal and national. In the present state of public nerves this 
proposal should be made with fear and trembling. Perhaps 
most people, tough or tender minded, would agree that the 
absence of well-substantiated principles and methods of orderly 
adjustment during crises is nothing short of a national dis- 
grace. The unrest, misunderstanding, confusion of issues, and 
defense of prejudice existing in this post-war period create a 
situation the gravity of which is fast coming to light. We 
need thorough statistical investigation and fair interpretation 
of local crises; studies of the bases of difference and agreement 
between radical, occupational, and other groups; of deficiencies 
in institutional organization; of psychological phases of polit- 
ical and economic problems; of the present technique of farm- 
ing public opinion; of desirable directions of municipal growth. 
Studies of this character could be summarized and presented 
clearly and vividly so that the average person would be able to 
understand. A foundation would then be laid for intelligent 
judgment and intelligent participation in the concerns of the 
city and nation. One of the chief defects of our democracy 
would be removed; namely, the lack of reliable machinery for 
gathering and disseminating facts and bringing home to the 
citizen their significance. Pious belief in the magic of public 
opinion is fruitless unless public opinion is well informed and 
all relevant aspects of problems are open to inspection. 

Consistency with the theory of “application to life” leads a 
municipal university to attack the problems of social causation. 
It does not follow that now the time is ripe. Until there is a 
degree of solid support by all classes in the community, until 
there is sufficient confidence in the integrity and sense of justice 
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of the investigators, research in this field conducted by a grad- 
uate school of a municipal university will have little promise of 
success. If the results of inquiry run counter to the established 
order, there will be hostility ; if they support the status quo, crit- 
icism will come from other quarters. A university which has 
first been established in popular judgment by constructive and 
useful contribution in the technical fields, as has been urged, 
may tell another tale. These are anticipations, however, and 
may suffer the usual fate of prophecy. 

Those who simply assert the problematic character of the 
venture under present conditions should be distinguished from 
those who propound another thesis not so self-evident. The 
claim is that any investigation of social interplay is futile and 
scientifically absurd, doomed to bankruptcy from the start, be- 
cause intelligence is not able to penetrate the darkness of so- 
cietal conflicts, much less to devise concepts and methods which 
can regulate the conflicting and selfish forces which constitute 
society. 

The problem obviously is methodological, with psychological 
bearings requiring extended discussion. The questions raised 
concern the data, methods, and aims of the respective sciences, 
especially the validity and function of mind in the development 
of institutions, a central inquiry in the socio-psychological field. 
These problems are but slightly touched in a few concluding 
sentences. History seems not only to suggest the crucial place 
of mental processes in community activities, but also to point 
out that intellect has scored its greatest success in the study of 
the inanimate and the simpler life processes. This fact, and 
the corresponding fact that up to this time drift largely has 
characterized the sequence of historical events, are not to be 
taken as proof positive that intellect applied to society is futile 
either in point of penetration or of organization. For plainly 
there is some understanding of our friends and associates and 
some forecast of events by the statesman. The behavior and 
purposes of men are guided in school and occupation by tuition 
and law. Intelligence appears to have a measure of leadership 
in fields in which it has operated as an approved instrument, 
and the moral attested by the great war is that ultimately it is 
safer to base national welfare upon widespread knowledge than 
on prejudice, custom, and illusion. 

But to argue for the possibility of scientific investigation in 
the field of social interaction, and to contend for a directive 
function of intelligence in this domain is bootless labor, and does 
too great honor to the skeptic and the dogmatist. It is a com- 
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forting memory that reflection on the “politics” of a city, its 
economics, education, morality, art, and religion was consid- 
ered a worthy occupation by a Greek disbeliever in democracy 
whose most comprehensive “monograph” is a searching analy- 
sis of municipal activities. The assertion that Plato’s conclu- 
sions are now discarded in philosophy is no sufficient ground for 
refusal to undertake further inquiries in which the consumma- 
tion is not intended to be Utopian social mechanism, but work- 
ing-hypotheses based on growing experience. It is sound sci- 
ence and sound social policy to give every fact, interest, and 
group in the community due weight. Perhaps in this decade 
agencies other than the graduate school will attempt to analyze 
and evaluate the multiple factors of social situations. A grad- 
uate school in a municipality may hesitate to embark upon an 
uncharted sea. The voyage itself is a necessity and an op- 
portunity, if standards more acceptable than those which vindi- 
cate tradition are to affect the actual course of social change. 
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ABACA (MANILA HEMP): THE FIBER MO- 
NOPOLY OF THE PHILIPPINE 
ISLANDS‘ 


By GEORGE STERLING LEE 
CORNELL UNIVERSITY 


HE variety of plants that yield fibers of greater or less 
T value, in various parts of the world, is very large. Liv- 
ing conditions in the temperate zones are comparatively little 
modified by these plants, but in the tropical countries they are 
of enormous importance, being used in countless ways. Thus 
in the Philippines, plants yielding fiber used for different pur- 
poses by the natives include varieties of ferns, pandans, 
grasses, bamboos, sedges, palms, battans, vines, other plants 
with leaf or petiole fibers and miscellaneous growths. How- 
ever, only two Philippine fibers are of notable commercial im- 
portance for rope and bag manufacture—abaca and maguey. 
Minor species that have possibilities of future development and 
significance in world commerce are the sisal, hennequen, kapok 
and ramie. Abaca so dwarfs all the others as a Philippine 
product and is so definitely the monopoly of the Islands that 
this discussion will deal with it at length, and with the others 
only as their relative importance warrants. In any event 
there is so much of similarity in the growth and utilization of 
these plants that a detailed account of one covers the major 
points that apply to all of them. 

The abaca plant is closely related to the banana and the 
plantain, resembling them in appearance and habits of growth. 
The banana plant produces a fiber which lacks the strength of 
the abaca, and the abaca produces a banana-like fruit filled 
with large black seeds and economically unimportant. The 
term Manila hemp usually applied to the abaca fiber is very 
misleading. Properly speaking hemp is the bast fiber ex- 
tracted from the inner bark of the Cannabis sativa. The so- 
called Manila hemp is the structural fiber obtained from the 
leaf sheath of the Musa tezxtilis. The term abaca designates 
both the plant and the fiber under consideration. 

Abaca enjoys the distinction of being strictly a Philippine 
product. As many as fourteen varieties are under cultiva- 


1The paper is supplemented by one discussing the general regional 
geography of the Philippines published in the Bulletin of the Geograph- 
ical Society of Philadelphia. 
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Fic. 1. ARBAS OF HEMP PRODUCTION, 


tion in the Islands, differing in color and shape of stalk, color 
and size of leaves, greater or less tendency to produce suckers, 
and in quality, abundance of strength of fiber produced, and in 
hardiness. The most desirable qualities are hardiness, rapid 
growth, ability to withstand drought, and abundant yield of 
fiber, of good quality and easily extracted.’ 

Abaca is distributed throughout the greater part of the 
Philippines, but is most successfully cultivated in a district 
comprising roughly the southern two thirds of the Archipelago. 
It may be cultivated as high as 3,000 feet above sea level if 
varieties adapted to the higher altitudes are used. 


2H. J. Edwards, Philippine Farmers’ Bulletin, No. 12, “ Abaca,” 1910. 
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The adaptability of any particular soil for the production 
of the abaca plant depends on the conditions of climate and 
exposure of a particular location, but if those are favorable it 
does best on alluvial plains subject to the overflow of rivers 
and on the moist mellow loams formed by the disintegration of 
voleanic rock.’ Dry sandy soils, stiff clays or limestone soils 
are avoided. Since the bed-rock structure of the Philippines 
is mainly composed of basic lavas which have been decomposed 
by weathering generally to notable depths, it will be seen that 
soil difficulties are not great, and there is ample suitable area 
for any reasonable development of the industry.‘ 

Climate is probably more important than soil in the selec- 
tion of lands suitable for abaca plantations. The four climatic 
factors are, rainfall, humidity, winds, and temperature. A 
heavy and evenly distributed rainfall is most essential unless 
irrigation water is available. Relatively high humidity is de- 
sirable and this nearly always occurs in regions subject to 
heavy rainfall. The abaca plant is especially unsuited for 
cultivation in regions swept by heavy winds. Its leaves are 
heavy and broad and the plant stiff, so that a wind storm may 
do untold damage. So also are the banana plantations in the 
West Indies ruined by tropical cyclones. Temperature is rela- 
tively unimportant, as it is subject to but slight variations 
throughout the year in the Philippines and maintains a mean 
of 75° to 80° F., according to altitudes. 

Reproduction of the abaca is usually by suckers, though 
possible by seed, and the planter may use considerable judg- 
ment in selecting varieties high in natural quality and espe- 
cially adapted to his own conditions. Certain varieties do 
much better in alluvial soil, while others are more fitted to be 
planted in loam. The insular agricultural advisers are doing 
much to spread the doctrine of suitable seed, but before that 
it was the usual practise to call on the aid of a neighboring 
successful planter. 

In preparing the land, underbrush, weeds, and all trees are 
removed and burned except those trees necessary for shade or 
wind protection. There is rarely any plowing or other prepa- 
ration of the soil. The seeds are planted at regular intervals, 
and beans, peas, sweet potatoes, or other vegetables are planted 
in alternate rows as these, by their rapid growth, will choke back 
the weeds and themselves yield a profitable crop. However, 

* Edwards, op. cit. supra, p. 21. 


*J. Russell Smith, “Industrial and Commercial Geography,” New 
York, 1913, p. 523. 
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it is always recommended where animals and implements are 
available that the planter plow and harrow, and he may be 
certain of a crop which will yield returns for his extra effort. 

Commercial fertilizers have seldom if ever been used in 
abaca cultivation. Much of the land is virgin and the soil is 
deep, fertile, and filled with decaying organic matter. Only a 
very small per cent. of the plant becomes the commercial fiber, 
the waste parts being scattered on the ground to conserve fer- 
tility. A study of the relative value of the various fertilizers 
has not even been made, but from the composition of the plant 
and the fiber it is known that potash is by far the most essential 
requirement. 

About the only cultivation necessary is to loosen the soil 
around the plants and keep the weeds cleared out. This last 
should be done every two months during the first year. Later 
when the abaca shades the ground weeding is less necessary, 
and after three or four years once a season will suffice. An4 
other valuable treatment after the fourth or fifth year is to dig 
out the decayed roots of old stalks and throw in new soil pro- 
viding additional plant food. 

Shade is desirable, especially where there is any pronounced 
dry season. The shade prevents evaporation, keeps back the 
weeds, draws up moisture for the plants and protects them 
from strong winds. Leguminous trees, with tall trunks, nar- 
row leaves, and deep roots are selected where possible. 

The abaca has few enemies, and damage from these is neg- 
ligible. The larve of two insects attack the plant by boring a 
large hole in the trunk and causing the leaves to turn yellow. 
Much more destructive are high winds, drought, and the rav- 
ages of wild pigs, deer, and carabaos. 

The first stalks are ready for harvesting twenty months to 
three years after planting, depending on locality and variety. 
After the first harvest it is usual to cut the plantation over 
every six or eight months. The mature plant consists of a 
cluster of ten to thirty stalks all growing from one root. The 
stalk is ready for harvest when the large violet flower bracts 
fall to the ground. 

Harvesting is done by hand with a sharp knife which cuts 
the stalk a few inches above the crown of the plant. Care is 
necessary in felling the stalks as an unskilled laborer will allow 
the stalk to fall to the ground, bringing down other young 
shoots whose leaves are tangled with the mature stalk. For 
this reason it is desirable to cut the leaf of the stalk before it is 
allowed to fall. It is likewise important to cut the stalk on the 
slant so that water will not stand on the cut and cause rot. 
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The yield varies greatly, but 1,000 pounds of fiber per acre 
is considered a good crop. The average probably falls consid- 
erably below this. 

The trunk or stalk of abaca ranges from 6 to 18 inches in 
diameter and 2 to 8 meters in length. This trunk consists of a 
small, central fleshy core from 6 to 10 inches in diameter at 
the base, to about 2 inches at the top around which a number of 
thick overlapping sheaths are wrapped, each sheath being the 
stem of petiole of a leaf. The fiber is extracted from the outer 
portions of these sheaths. The process of hand extraction con- 
sists of two distinct operations; first, the removal of the ribbon- 
like strips of fibrous material from the leaf sheath, and second, 
the separation of the individual fibers by pulling these ribbons 
under a knife. 

The laborer inserts under the bark of one of the leaf stems 
a small sharp piece of bone and pulls off a fibrous strip about 
2 inches wide and as long as the stalk. One sheath yields 2 to 
4 such strips. Each consecutive sheath is thus stripped down 
to the central core. 

These strips are taken to a shed where the stripping ap- 
paratus is kept. This consists of a log set in a horizontal posi- 
tion about 4 feet from the ground. On top of this is fastened a 
block of smooth hard wood. Over this block is placed a bolo, 
having a blade a foot long and a handle 15 inches long. A rat- 
tan is atached to the end of the knife handle and connected with 
a bamboo spring above. Another rattan passes to a foot treadle. 
Thus the spring holds the knife to the block and the treadle 
regulates the pressure. 

In the process of stripping the operator holds a ribbon of 
fiber in his hand with the end wrapped around a block of wood. 
He draws it under the knife with a quick steady pull, reverses 
the ribbon and repeats the process. A small bunch of wet fiber 
is left in his hands. The work is very exhausting and the 
laborer can work only part time, and even then is frequently 
ruptured by the strain of pulling. 

The quality of the fiber depends on the condition of the knife 
blade, the pressure exerted and whether or not serrated knives 
are used. The latter produce a very poor quality and their use 
is being discouraged by manufacturer and consumer. Unless 
closely watched the native labor is apt to reduce the pressure 
in order to make the pulling easier and this results in poorly 
stripped fiber. 

Beginning shortly after 1900 progress in Philippine fiber 
production fell off to an alarming degree. The reputation of 
the industry suffered in the opinion of foreign manufacturers 
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and dissatisfaction was apparent on all sides. Even more 
serious was the manner in which fiber plantations were neg- 
lected and the quality of the product correspondingly lowered. 
Defects of organization and lack of control of the industry 
were felt to be the heart of the difficulty. Before 1914 the grad- 
ing and inspection, buying and selling of the fiber were hap- 
hazard and inefficient. The grading and inspection had been 
in the hands of a large number of export firms. The grades 
they established varied continually and tended to increase be- 
yond all need. Market quotations were not well understood 
and suspicion was aroused in the mind of the seller because of 
the difficulty of determining whether his fiber had been hon- 
estly graded and he had received a fair price for it. Manu- 
facturers and consumers were complaining because the product 
was not well graded and the general product poorer. The de- 
fects in the method of handing the hemp were set forth in the 
following outline:* (1) The lack of fixed and accepted stand- 
ard grades; (2) the inadequacy of the prevailing methods of 
grading the fiber and of designating the grades; (3) the lack of 
any authoritative control over the operation of the grading es- 
tablishments; and (4) the more or less general ignorance of 
the producers as to their quality of their product. 

To remedy these conditions the Philippine Legislature in 
1914 passed a law known as Act No. 2380, “An Act Providing 
for the Inspection, Grading, and Baling of Abaca (Manila 
Hemp), Maguey (Cantala), Sisal and Other Fibers.” The 
grading of the abaca was based on color, tensile strength, and 
cleaning. Four classes were created, excellent, good, fair, and 
coarse, and each of these was subdivided into a total of twenty- 
one grades of definite description. The maguey and sisal were 
divided into two classes, first, fiber cleaned by retting, and, sec- 
ond, fiber cleaned by machinery or with knives. 

The fiber grading law embodies the following provisions: 
(1) The establishment of fixed standard grades for each of the 
chief commercial fibers exported from the Philippine Islands; 
(2) the requirement that every grading establishment shall 
grade and prepare for export in accordance with the estab- 
lished standard and with the regulations; (3) the institution 
of a system of inspection of all graded fiber, and supervision 
over all grading and baling operations to enforce compliance 
with the regulations, and (4) the institution of an educational 
campaign among the producers for the purpose of improving 


5M. M. Saleeby, “One Year of the Fiber Grading Law,” Philippine 
Agricultural Review, Vol. IX., 1916, p. 13. 
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the methods of production and preliminary preparation of the 
fiber. 

Under the law 89 grading stations were established and 
fiber inspectors assigned to the more important stations. Sta- 
tions without inspectors are required to submit their fiber for 
inspection on its arrival at Manila or Cebu, the leading ports 
for export. The law has been so successful in remedying the 
conditions which it was designed to meet that there are now 
over 100 stations in operation and a staff of about 50 inspectors. 


USES OF ABACA 


Abaca is the raw material for a large number of manu- 
factured products. Most of the export trade is with American 
and English rope factories, and, as they are the dominating 
market for the fiber, so are they dependent on the Philippines 
for the source of their supply. Increasing amounts of abaca 
are being exported to Japan for the manufacture of Lagal hat 
braid. The growth of this industry is a factor in the large 
immigration of Japanese to the Philippines. They have set- 
tled in Mindanao and Cebu, where the better grades of fiber 
are grown, and make it their business to see that the Japanese 
market is supplied with the necessary quantity of high-grade 
abaca for the manufacture of textiles and braid. The braid is 
made up in Japan and sent to the United States chiefly where 
it is used for women’s hats. Among a large number of products 
whose market is local, abaca is consumed in the production of 
slippers, baskets, bags, matting, lace, furniture, and a coarse 
cloth. 

POSSIBILITIES OF THE ABACA INDUSTRY 


New uses and new applications of old uses of abaca and 
allied fibers are being constantly proposed. The extent to 
which this fiber may be used in the manufacture of paper is 
significant in view of the present scarcity. The utilization of 
waste abaca for this purpose was first suggested in 1905. 
Manufacturers of Manila paper had previously been dependent 
upon old rope for their raw product. Large shipments of 
waste abaca began moving toward American paper mills and 
continued until 1911, when the experiment failed. The reasons 
stated were that the waste had a relatively low percentage of 
paper pulp, the quality of the waste was too variable, and 
freight charges were prohibitive. 

Further investigation was made with results stated by the 
consular service as follows :* 


* Daily Commerce Reports, May 16, 1912, p. 632. 
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In 1912 twelve large paper manufacturers in eastern United States 
formed a Philippine corporation to handle and develop the use of abaca 
and its by-products in the paper industry. The enterprise rests upon the 
demand for certain classes of paper of an especially strong and tough 
grade. Experts report that a one inch strip of hemp paper will support 
100 Ibs. For a number of years there has been a growing demand among 
manufacturers for the waste products of hemp and old rope to supply this 
grade of paper, especially as the business of making paper bags for 
cement, flour, and similar commodities was being extended. The organiza- 
tion backing this industry has spent over half a million dollars in ex- 
periments but reports as yet no substitute for hemp. The peculiarity of 
Manila hemp is that it is practically all fiber in composition, and that no 
matter how finely the hemp is divided it is still capable of division as 
fiber, while a fiber of cotton, for example, is only a tiny tube, a fiber of 
sisal is merely non-fibrous wood, and similar objections are had to other 
products. 

The result has been the conclusion that, all things considered, the use 
of the whole of the original hemp stalk will be the most economical way 
out of the situation. By present methods about one third of the ordinary 
plant is lost in stripping and about one third of the remainder is not 
used for the reason that the fibers are too small and too weak to be of 
commercial use. The new plan is to take the entire hemp plant as cut on 
the plantation and merely crush, dry and clean it in especially designed 
machinery. 

Even at the lower price per pound for the whole plant than he re- 
ceives per pound for about half of the original plant at the present time, 
after expensive handling, the planter will actually receive greater returns 
from his product than by present methods. The enterprise is intended 
to afford a new and additional supply of raw materials of the sort needed 
in the manufacture of special varieties of paper—a supply capable of 
almost indefinite extension. 


At the same time the corporation described above organized 
a company to manufacture paper, cotton and other textile ‘bags 
of all descriptions. These new industries have prospered and 
opened the way for further development in a new field. 

Another proposition often heard is that there be more manu- 
facturing of cordage in the Philippines and less dependence on 
foreign manufacturers. The consular service reports this plan 
as follows :" 


One of the largest American mail order houses recently endeavored 
to secure the entire output of Philippine rope. The establishment of an 
additional factory would not involve the taking of markets away from 
existing factories. On the contrary a greater supply of Philippine rope 
would aid the existing factories by establishing Manila as a more im- 
portant source of supply of cordage. Cebu is believed to be the best site 
for development of the cordage industry. It has an abundance of cheap 
labor and is the shipping and transshipping point for a large part of the 
hemp produced on the island. 


™ Daily Commerce Reports, Aug. 16, 1918, p. 634. 
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Government action to secure this benefit is reported in the 


following article :* 

Government officials identified with the organization of the National 
Development Company, authorized a few months ago by the Philippine 
legislature, have been gathering data which may lead to the establish- 
ment of a rope factory, which will free the Philippine hemp industry from 
the mercy of the rope factory interests of the United States. Proposals 
for the organization of such an institution here result from the hemp 
market depression. Under present conditions hemp men of the Philip- 
pines are helpless when rope factories in the States show no disposition 
to buy the raw material. The National Development Company, which, 
when finally organized will have a capital stock of $25,000,000, 51 per cent. 
of which will be government owned, is intended to safeguard Philippine 
industries when possible, as well as to foster important industries and to 
offer a helping hand to any industry which has a chance of becoming 
important, but is not yet developed to the point of being able to walk 
alone. 

EXPORTS OF ABACA 


The accompanying figures show very clearly the growth of 
hemp as an export product. It was formerly equal in value to 
about two thirds of the total exports of the Philippines, but the 
rapidly developed importance of copra and sugar in interna- 
tional commerce has reduced this figure to about one half. 
The average prices received for hemp have varied from year 
to year according to the success of the crop and world market 
conditions. Since 1914 the war has so influenced the market 
that the figures stand for little. The total weight of the crop 


HEMP ExXportTs® 


Weight Value Average Per Cent. 








Year Long Tons (Millions) Price Tota! Exports 
a 70,152 8 $113.99 | 53.8 
SUOR naceccncss 90,869 13 146.81 57.8 
re 126,245 16 126.55 65.2 
Ss 113,284 19 | 170.29 67.3 
Sibcbsakasces 139,956 22 157.19 67.9 
eae 123,583 22 169.48 | 71.9 
on ee 130,437 22 166.80 65. 
 eaengaaes 104,078 | 20 188.44 60.1 
_ 117,241 20 167.94 59.5 
err 131,382 | 7 125.61 50.6 
econa RE PERE 167,953 17 100.60 48.4 
_ See 163,173 | 16 100.97 40.6 
Sea 148,202 | 14 97.74 32.4 
. ae 175,137 22 126.05 | 40.2 
ary 119,821 | 22 176.27 44.2 
ibtne hana id 116,386 | 19 164.93 39.4 
EE ee 142,010 | 21 150.27 39.7 
Bs ctccniies « 137,326 | 27 | 194.35 38.1 
GOUF sa senesaees 169,435 47 276.26 | 48.9 








* Transpacific Magazine, Vol. I., p. 64, 1919. 
*U. S. Bureau of Customs and Foreign Commerce, “ Commerce of 
the Philippine Islands,” 1918, p. 16. 
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is the clearest indication of steady growth. The bulk of the 
export trade is with the United States, England, Japan, France, 
and Switzerland. 

MAGUEY AND SISAL 

Agave is the family name for a group of important fibrous 
plants including maguey, sisal, henequen, and zapupe. The 
first two, only, are of economic importance in the Philippines. 
While closely related, they have had only a short history in the 
Philippines and were introduced there from widely separated 
points. Maguey was introduced from tropical America by the 
Spaniards, while sisal came from Hawaii in 1905 as a product 
for experiment. It has been successful, but not to the same 
degree that maguey has. 

The henequen member of the agave family is produced in 
much larger quantities for world consumption than either 
maguey or sisal, constituting about 80 per cent. of the world’s 
production of “sisal” fibers as they are known commercially. 
Maguey and sisal however have points in their favor which 
should make them of increasing importance compared to hene- 
quen, which is grown almost exclusively in Mexico. Their 
fiber is equally, if not slightly superior to henequen, and their 
soil and climatic requirements are slight, for they will flourish 
in rocky limestone soil under conditions of long drought. Their 
cultivation is simple and inexpensive, not requiring skilled 
labor, work animals, or agricultural machinery, and they are 
not seriously attacked by pests. 

Reproduction and planting is by suckers and not by seed. 
The suckers appear (about the second or third year from plant- 
ing) around the mother plant, springing up from the rhizomes. 
If to be used in starting new plantations the suckers are set out 
from two to three yards apart each way, with little preliminary 
preparation of the soil beyond clearing it of underbrush and 
weeds. The only attention usually given until the third or 
fourth year is a periodical weeding out of suckers. 

Roth maguey and sisal closely resemble our common century 
plant. The fiber is derived from the essential element of the 
leaves, but the best and fully developed fiber is found only in 
leaves from three to four years old, so it is customary to harvest 
only the two outer rows of leaves from each plant, usually 20 
to 30 leaves. The leaf is cut off just above the stem and the 
spines trimmed to facilitate handling and in this shape they 
are ready for extraction of the fiber. 

The method of extraction commonly employed is “ retting,” 
in which the leaves are slit in strips, tied in bundles, and im- 
mersed in salt water (tidewater) for 6 or 8 days so that de- 
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composition takes place sufficiently for the pulp to be scraped 
off and the fiber left. Retting is being gradually superseded 
by the machinery invented for the extraction of henequen fiber, 
especially where the maguey and sisal are grown on a really 
commercial scale. The machines are composed of a 54-inch 
wheel revolving inside a heavy wooden or metal case. Across 
the surface of this wheel are placed blunt brass knives, about 
eight inches apart. In front of the wheel is adjusted a concave 
block, or brass shoe, against which the leaves are scraped by 
the blades of the former. 

In 1917 $17,500 was appropriated by the Philippine legis- 
lature for the purchase of two Prieto maguey extracting ma- 
chines in the United States. These were installed at the Singa- 
long experiment station and since that time have given such 
satisfaction that Hernandez, the Director of Agriculture, be- 
lieves they will’? “greatly increase the maguey industry 
throughout the Philippine Islands and put it on a more stable 
basis.” Some such machinery has long been needed for the 
extraction of abaca. A number have been tried, but have failed 
because of low capacity, complexity of construction, and high 
cost of operation. 

After extraction of the fiber it is washed and carefully dried 
to prevent deterioration. When dry the fiber is tied in bundles 
four inches in diameter and baled. Subsequent operations are 
similar to those described in our discussion of hemp. 

The sisal fibers are peculiarly immune to disease, two fun- 
gous diseases and one insect pest being the only known sources 
of danger, and these are being carefully watched to prevent any 
widespread damage. Damage is more likely to occur from 
cattle when the plantations are not properly fenced in. 

The introduction of sisal fibers to the areas of the Philip- 
pines offering suitable conditions will result in the use of lands 
otherwise economically unimportant. The establishment of 
this industry demands three lines of improvement over the 
present methods; (1) the practise of systematic planting and 
cultivation, (2) the development of large plantations, or small 
ones close together, and (3) the introduction of fiber extracting 
machinery which will follow naturally after the second condi- 
tion has been fulfilled. 


GROWTH OF MAGUEY INDUSTRY 


Production of maguey for export commenced in 1904, when 
690 long tons were shipped valued at $78,121. Between 1905 
and 1915 the quantity exported varied between 2,000 long 


10 Philippine Agricultural Review, Vol. XII., 1919, p. 98. 
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tons, valued at $163,273 to 7,000 long tons, valued at $590,951. 
the highest figures being in 1913. In 1916 production rose to 
15,686 tons, whose value was $1,746,511. 

The future promises much, for experts are entirely agreed 
that the Philippines offer every opportunity to the new in- 
dustry. The consular correspondent reports :"* 


Maguey does well in the islands and there is much land adapted to 
its culture. The acreage is rapidly increasing. 


Maguey is used almost exclusively for binder twine. For 
this reason exportation is confined in general to the United 
States and Europe. During the war a specialist in fiber plant 
production was assigned to the Philippines by the U. S. Depart- 
ment of Agriculture with a view of promoting interest in the 
binder twine fiber industry. Appropriations were made for 
experimental and extension work which are now being carried 
on. In a preliminary report the expert reaffirms the suitability 
of soil and climatic conditions for increased production of 
maguey. 

MINOR FIBER PLANTS 


While this investigator was studying the development of the 
maguey industry he was authorized to carry on experiments 
with other fibers whose commercial importance might be de- 
veloped. These experiments have not proceeded far enough to 
draw final conclusions but it appears that the kapok fiber will 
grow satisfactorily. Kapok is the mass of silky fibers investing 
the seed of the silk-cotton tree. Commercially it is called Java 
cotton and used as a filling for mattresses. 

Attempts have been made to find a type of cotton which*may 
be grown extensively. So far all efforts have failed, but more 
experiments are being continually tried. The Panama hat plant 
grows readily and may be grown commercially. Ramie or 
Chinese grass seems particularly well adapted to conditions. 
The fiber is of superior quality and is well known in all fiber 
markets. There is every indication that ramie will be among 
the fibers exported from the Philippines before many years. 
The fiber of the pina, pineapple tree, is used locally in making 
both a coarse gauzy fabric and a very fine textile. Buri raffia 
is the skin stripped from the leaf segments of the buri shoots 
before the blade has unfolded. The product is obtained from 
the buri palm. 


11 Daily Commerce Reports, Oct. 30, 1917, p. 411. 





THE DIAMOND-BACK TERRAPIN 


THE DIAMOND-BACK TERRAPIN: PAST, 
PRESENT AND FUTURE 


By Dr. ROBERT E. COKER 
" U. S. BUREAU OF FISHERIES 


dd RER terrapin wuz de out’nes’ man,” Uncle Remus once 

B remarked ; “ He wuz de out’nes’ man er de whole gang. 
He wuz dat.” Uncle Remus, with rare sagacity and dry humor 
such as never failed him, ascribed to a supposedly lowly animal 
a unique place among the beings that peopled the world of his 
fancy. But the terrapin has appealed not alone to the imagina- 
tion of an unlettered story teller. Among the ancient Hindus, 
where philosophy or mysticism exercised high reign, the earth 
has been pictured as a half-sphere borne on the backs of four 
elephants; and these mighty creatures in turn are shown to be 
supported upon the back of a single tortoise—not the diamond- 
back, to be sure, but one of its fairly close relatives. Truly, this 
suggestion of a tortoise or terrapin as the very foundation upon 
which the living pillars of the earth find support gives brother 
hard-shell no mean place in nature’s great scheme of things. 
And even in the present day there exist many persons, neither 
unlettered nor blinded by ancient tradition, hard-headed busi- 
ness men in fact, that raise the terrapin to lofty rank, rating it, 
in the unambiguous language of cold dollars and cents, above 
all other animals which find their way upon the tables where 
men’s bodies are nourished and their palates cajoled. 

There is nothing of fancy in the modern exaltation of the 
diamond-back terrapin, nor would I even seem to suggest that 
men of to-day, in solemn feast assembled, approach the terrapin 
in anything of the spirit of philosophy or of performance of 
religious ceremony. We may be sure indeed that the present 
preeminent position of the diamond-back terrapin among 
costly meat foods is based upon sincere gustatory discrimina- 
tion and that its savory presence is approached with no other 
sentiments than those which become the highest gastronomic 
observance. At any rate, it is fairly established that the dia- 
mond-back terrapin, lowly as it might seem to the uninitiated, 
holds no mean place in man’s esteem, and we are surely justi- 
fied in making inquiry into its manner of being, its self-per- 
petuation, and the conditions of its conservation. 
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First, there may be those who would know what is a dia- 
mond-back terrapin. Well, it is a reptile—startling as that 
statement may sound to some who would find difficulty in as- 
sociating the most precious of flesh-pots of America with a 
class of animals that is generally despised. But turtles (in- 
cluding terrapin and tortoises) form a sort of unique class. 
They are never like anything else. Persons may dispute 
whether a certain animal, as a whale for example, is fish or 
mammal; they may engage in wordy combat concerning the 
relationships of various sorts of animals; but one can not get 
up the mildest kind of argument as to whether a particular 
turtle is a turtle or not. Turtles are unmistakable now, 
and it seems almost as if they always have been so. We find 
them in geologic formations dating from Triassic times, and 
almost as far back as we find them, the same principal 
groups are recognizable that we have to-day. The missing 
links that would connect them with other classes of animals 
are absolutely missing. Perhaps a terrapin did not sup- 
port the earth originally, or have anything to do with mak- 
ing it, but one was there pretty early any way. Having held 
its own for such long ages, we may well impute to the turtle 
clan, biologically speaking, a rare tenacity of purpose, and a 
signal ability to attend to the essential business affairs of life 
regardless of the phenomena which, as age succeeded age, have 
worked marvelous changes upon the face of the earth and the 
conditions of animal existence. That clan has watched these 
changes with seeming equanimity. It is little to wonder at, 
then, that mythologists and fabulists have thought to divine in 
the tortoise, beneath its taciturn demeanor, inexpressive dome, 
and inscrutable countenance, a shrewd and super-animal! intel- 
ligence, or even a sense of cosmic responsibility. 

All members of the turtle family are alike in certain essen- 
tial respects, but they differ widely among themselves in various 
details of structure and appearance, in habits and in size. 
There are those of the broad ocean with flippers instead of feet; 
there are those that live almost continually in the waters of 
rivers and ponds; there are those that seem equally at home on 
land or in water; there are those that live exclusively upon 
land; and there are some that have homes beneath the ground. 
As to size, there is the great leather turtle or luth of the sea, 
attaining a weight of half a ton at least; there are the gigantic 
land tortoises of the Galapagos Islands and of islands of the 
South Indian Ocean, attaining a standing height of 2 feet; and 
there are the little mud turtles that we find in pocket-sized 


editions. 
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The diamond-back stands at no extreme as regards size, 
form, appearance or habit; but, among turtles, the diamond- 
back terrapin is peculiar in one respect; that is in its choice of 
habitat. There are many species of turtle in interior ponds and 
streams; there are various kinds of turtles in the sea; but, in 
the zone between salt and fresh-water, the diamond-back reigns 
supreme. An occasional sea turtle may wander into the salt 
creeks; while, from the other side, the common mud turtle, at 
least, will trespass a little way upon the brackish marshes; but 
none other than the diamond-back makes its home in the dis- 
tinctly tidal regions where salt and brackish waters ebb and 
flow. 

Exactly what factors determine the limits of wanderings of 
the diamond-back are not known. It is exposed to virtually 
pure sea water in seasons of spring tides, and it has been ob- 
served to live with apparent prosperity in fresh water flowing 
from an artesian well when it has been supplied with sea food; 
yet it is not known to go into the sea, nor does it ascend coastal 
streams above the limit of brackish water. On two occasions 
experiments were conducted in keeping diamond-back terrapin 
in a pond and a tank of fresh water supplied from the Missis- 
sippi River at Fairport, Iowa; but in each case they survived 
only a few months. At such a place they could not of course 
receive fresh meat from the sea, and the lack of suitable food 
may have been at least a contributory cause of death. 

Few observations have been made upon the food of terrapin 
in nature, but such as have been made indicate that they subsist 
chiefly upon small gastropods, crabs and worms. Feeding is 
done principally when the tide is up; then, if one is lucky, the 
terrapin may be found swimming in the marshes and browsing 
upon the periwinkles that creep upon every blade of grass. So 
innumerable are periwinkles upon the tidal marshes that there 
can be no danger of inadequacy of food supply for the small 
remnant of terrapin that survives in the present day. Indeed, 
viewing the lavish array of food and the lack of competition 
from its own kind, there is no occasion for wonder at the great 
abundance of diamond-back terrapin in former days, when, ac- 
cording to the stories that are told in certain regions, the ter- 
rapin were a pest to fishermen whose seines sometimes became 
choked with them, and when they were the cheapest and most 
available food to be given the slaves upon the lowland plan- 
tations. 

Feeding might be continued when the tide is out, but now it 
seems the instinct for concealment comes more strongly into 
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play and the terrapin craw] into the mud where they may be 
partially or entirely concealed. I have known a terrapin to sub- 
merge itself in soft mud deep beneath a blue crab which had 
previous possession of a small bare spot amidst the marsh grass. 
Its presence there could never have been suspected but that the 
observer was close on the trail. 

Needless to say, with animals now so rare and possessing so 
well developed an instinct for concealment, the fisherman or 
collector who would find them must needs have keen vision or 
else shrewd knowledge of the habits of his prey. Skirting the 
small open places in the marsh, or following the shores of a 
proper creek, and inserting a stick into the mud at suspicious 
places here and there, may be the means of acquiring an occa- 
sional prize. However, the majority of the diamond-back ter- 
rapin brought to market are taken more or less by chance by 
fishermen pursuing other manner of prey. 

When winter falls, the diamond-back, like other terrapin, 
ceases from its labors, finds shelter in the mud, usually, no 
doubt, in the deeper places, and remains comparatively dormant. 
Rarely in midwinter the hibernating terrapin is grappled by 
an oysterman working over a mud bottom; but it is said, 
too, even in the same season to be taken occasionally upon the 
high marshes. Little, if any, study has been made of the be- 
havior of terrapin in hibernation. When they have been re- 
tained in an enclosure offering essentially natural conditions, I 
have observed that while hibernating they did not remain al- 
ways in one spot. Occasionally an individual has been observed 
to creep slowly beneath the mud, or even to rise and swim at the 
surface. In this pen, none would come for food after hiberna- 
tion had begun; but in another and smaller enclosure, supplied 
with water of nearly constant temperature from an artesian 
well, terrapin, on any warm day in winter, would come out in 
numbers to sun themselves upon the sand, and at such times 
they would take food as eagerly as in summer.' It has since 
been found that young terrapin kept and fed in a heated win- 
tering house will make rapid growth during the first winter. 
Terrapin can withstand for a short time, at least, cold severe 
enough to leave them encased in ice. 

Little is known of their enemies and doubtless the large ter- 
rapin have few, but the young must not infrequently fall a prey 
to fish and birds and to rats and other mammals. 


1 Coker, R. E., The Natural History and Cultivation of the Diamond- 
back Terrapin. Bull. No. 14. The North Carolina Geological Survey. 


69 pp. Raleigh, 1906. 
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In regard to propagation, be it said first that the diamond- 
back terrapin practices polygamy, or, more correctly perhaps, 
indiscriminate mating. Experiments indicate that a ratio of 
about one male to three females in a pen is sufficient to insure a 
maximum of productivity in fertile eggs and healthy offspring. 
It is perhaps only a coincidence that, in every brood that has 
been reared in the Bureau’s experimental work, females have 
far exceeded the males in number, one male to three females 
being a high ratio. It is not yet known whether or not this dif- 
ference is due to the loss of males by death before the terrapin 
attain an age at which the sexes are externally distinguishable. 
There is another curious characteristic of terrapin. Mating 
does not have to occur each year. Females entirely separated 
from males after having mated will continue to lay fertile eggs 
for three of four years, but after a number of years the eggs 
produced are infertile and mating is again necessary before 
eggs will be laid from which young terrapin will develop. 

Egg laying in the region of Beaufort, N. C., occurs prin- 
cipally in June and July though it may sometimes begin earlier. 
At this time, at least, the female terrapin must come out of the 
tide-washed regions of the marsh and tread upon dry ground. 
Here and there amidst the marshes the winds and waves have 
built low sandy hummocks upon which the terrapin often finds 
conditions suitable for the incubation of its eggs. In such a 
location I have found several nests, each containing from two to 
eight eggs buried beneath six or eight inches of sand. It has 
been observed in experimental breeding pens that some terrapin 
will lay more than once in a season. Professor Hay has de- 
scribed the process of nest making.? The female terrapin, hav- 
ing selected a suitable location, if available, scoops out with her 
hind feet a jug-shaped hole about 5 inches deep and 21% or 3% 
inches in diameter at the widest part. This is the “nest” into 
which she backs as far as possible and drops her eggs; then, 
having carefully replaced the sand or earth and packed it down, 
she conceals the spot by crawling back and forth over it, and 
goes away to leave the eggs to their fate. If the sand bed is too 
dry and another suitable nesting place can not be found, she 
drops her eggs wherever she happens to be. Usually a single 
nest contains but eight or nine eggs, but the average number of 
— laid by a single well-grown female is known to be much 

igher. 


*Hay, W. P., Artificial Propagation of the Diamond-back Terrapin. 
U. S. Bureau of Fisheries Economic Circular No. 5, Revised, pp. 1-21. 
Washington, 1917. 
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That is all that we can say of the relation of the diamond- 
back terrapin to its family. Mating occurs at a seasonable 
time; eggs are laid in a proper place, and sometimes in an im- 
proper place; and, so far as we know, neither parent ever gives 
thought to the welfare of its offspring or even recognizes them 
when they meet in passing. 

The young hatch from the eggs after eight or nine weeks 
and may remain in the nest for some time, perhaps all winter, 
Most of them, however, soon emerge from the nests, but only to 
find prompt concealment in the sand or mud or under grass and 
drift. Moreover the young terrapin in nature seem to take no 
food before the following spring and it is only then that growth 
may begin. 

The evidence from the study of the rings on the scutes of the 
shell indicates that terrapin grow at a variable rate, and that a 
good rate of growth is about an inch or a little less a year (meas- 
ured on the bottom shell) during each of the first two years, 
somewhat less during the third year, and about half an inch for 
each of the next two years. Sometimes growth is more rapid, 
for terrapin have been found 51% inches in length and bearing 
evidence of not exceeding five years of growth; more often, as 
it seems, growth is somewhat slower. 

The sexes become distinguishable in the third or fourth year 
when the females have attained a length of 314 to 4 inches and 
the males a length of 3 to 314 inches. When growth is accel- 
erated by winter feeding of the young in confinement, sex dif- 
ferences, according to Hay, become evident, during the third 
summer. The conspicuous external differences between the 
sexes are the much larger proximal section of the tail and the 
smaller head of the male, with usually a more wedge-shaped 
rear outline of the carapace. The females, too, are deeper- 
bodied than the males. It can be observed now that the males 
are falling behind in rate of growth. They are, in fact, near- 
ing full size when the females are but midway of their physica! 
development. The average size of adult males is about 4 inches 
on the bottom shell; the largest example I have measured had 
a plastron length on the middle line of 4.16 inches, though a 
dealer told me that he had once possessed a 5-inch male. Fe- 
males, on the other hand, normally attain a length of 6 inches 
or more, applying the same standard of measurement. A 
length of 7 inches is not infrequent and, at different times, each 
of two dealers has stated that he once sold a dozen measuring 
over 8 inches. One of these men assured me that he had had a 
female measuring 914 inches. Such a terrapin would probably 
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have measured 18 inches from end of snout to tip of tail—a 
viant indeed among diamond-backs. It is apparent that the 


valuable terrapin of commerce is the female. The males are 
sold. however, and in many instances no doubt the undersized 
females go along with them. They are quoted as “bulls,” for- 
merly at $10.00 to $12.00 a dozen, while “half counts,” or 
females measuring between 5 and 6 inches, would bring twice 


as much, and “counts,” or those measuring 6 inches or better, 
would command $36.00 to $40.00 or more; 7-inch terrapin, 
which are not rare, could be sold at $60.00 to $70.00 per dozen. 
The two exceptional dozens of terrapin measuring over 8 inches, 
previously mentioned, brought, according to the dealers, in one 
instance $96.00 and in the other $125. These are all wholesale 
prices, the retail prices being, of course, substantially higher. 

Viewing the delay of wild terrapin in starting to grow, and 
the relatively slow growth, particularly during the later years, 
and, in connection with these facts, the great increase in com- 
mercial value with growth in size, it is evident that marked 
economic benefits may be derived if growth can be accelerated 
by the application of cultural methods and selection. 

It is fair to presume that there is opportunity for selection. 
Certainly there is great diversity among terrapin in nearly 
every characteristic. The variation, or, one might say, the in- 
dividuality of diamond-back terrapin, has attracted frequent 
comment from observers (Agassiz, Bangs, Hay and Coker). 
In size, in color, in depth, in outline, in smoothness or rough- 
ness of shell, scarcely any two are alike. In behavior too—in 
activity, boldness, promptness to take food and other respects- 
distinct individuality is manifest among terrapin in confine- 
ment. Correlated no doubt with activity and aggressiveness in 
feeding, pronounced differences in rate of growth are indicated 
by the rings on the scutes of terrapin of different sizes in nature, 
and conspicuous diversity in size marks terrapin of the same age 
when reared in confinement. If such traits or characteristics 
as those upon which differences in rate of growth are based are 
hereditary, and one might suppose they were, there is reason to 

Agassiz, Louis, Contributions to the Natural History of the United 
States of America. Vol. 1, Part 2, North American Testudinata. Bos 
ton, 1857. 

Bangs, Outram, An Important Addition to the Fauna of Massachu 


setts, Proceedings of the Boston Society of Natural History, 27, Boston, 


1896. 

Coker, loc. cit. 

Hay, W. P., A Revision of Malaclemmys, a Genus of Turtles. Bul 
letin U. S. Bureau of Fisheries for 1904, Vol. XXIV. 
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THR FEMALE OR “ HEN“ TERRAPIN has a much larger head and small 
the male or “ bull,” They also attain a much greater size rhe relative s 
not indicated in this illustration except as suggested by the 3-inch rule show 
right of each example The length of the bottom shell of the female was 6 
of the male 4.1. total lengths, 10.87 and 7.5 inches, respectively 


believe that by proper selection a more rapid growing race o! 
terrapin might shortly be developed. 

But there is another chance of accelerating growth, and that 
is by eliminating the waste periods of winter, especially that 
first winter which normally is passed before feeding and in- 
crease in size are begun. This suggestion was originally offered 
by Mr. H. B. Aller in 1911 while Superintendent of the United 
States Fisheries Biological Laboratory at Beaufort, North Caro- 
lina. My experiments (p. 174 above) had already shown that 
terrapin will feed during the winter when given favorable con- 
ditions of temperature. Mr. Aller’s significant suggestion was 
given effect when there was constructed a wintering house i! 
which terrapin of various ages were kept and fed during th 
cold months. The house was built much upon the plan ot 
greenhouse for flowers, having a long sloping glass roof \ 
southern exposure so that the heat of the sun might be avai 
of to the fullest extent; in addition, a small stove was placed 
the center. The effort was made to maintain a temperatur 
about 80° F. 
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The results of this experiment abundantly justified the sug- 
cestion, at least as regards the stimulation of growth during the 
frst winter of life. By the beginning of the following summer, 
a time when, if left to themselves and the usual course of 


al 
hibernation, the young terrapin would have been approximately) 
the same size as when hatched from the eggs, or slightly smaller, 
many of the winter-fed terrapin had attained a size normally 
characteristic of terrapin two or three years of age. As re- 
gards growth secured during subsequent winters, it was deter- 


mined, after experiment, that the increase in size of older ter- 
rapin while notable, was scarcely sufficient to justify the ex- 
pense of feeding the larger terrapin with their corresponding] 
greater individual food requirement. 

These considerations lead us naturally to the subject of the 
culture of the diamond-back terrapin, a field in which exper- 
iments have been conducted by the Bureau of Fisheries for 
nearly twenty years. The results of these experiments, as real- 
ized up to a comparatively recent date, have been epitomized by 
Dr. Hay in an Economic Circular of the Bureau of Fisheries 
entitled “ Artificial Propagation of the Diamond-back Ter- 
rapin.” Having referred the reader to that publication, I may 
be very brief in outlining some of the conditions and practices 
of terrapin culture. 
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More than 25,000 newly hatched terrapin were kept warm and fed t 


season in this winter house of a commercial terrapin farm at Be 


The first requirement is an enclosure, or several enclosures, 
of considerable size, in which the adult terrapin can live and 
feed and grow. In such an enclosure, or pound, the terrapin 


should find, as far as practicable, the same variety of natura! 
conditions which he encounters in the wild state. There should 
be water of fair depth with soft mud bottom for hibernation, 
marsh, dry ground and a laying bed of fairly clean sand above 
the level of high tides but not so far above the water level as to 
be unnaturally dry. It is thought that the space enclosed should 
be of such an area as to allow about 10 square feet foreach 
adult terrapin. 

The second requirement covers separate enclosures for th 
young terrapin of different ages. Diamond-back are not known 
to be cannibalistic; in fact, the entire indifference of the adult 
terrapin to the young is the principal occasion for trouble, for 
the young terrapin are likely to be trampled by the large ones 
The growing terrapin also have a better chance to feed if segre- 
gated according to size or age. 

A third requirement for most effective results is the winte! 
house such as has been previously described. This must hav 
its proper equipment of water, tanks, and small troughs or trays 
in which the young terrapin are kept and fed. There must als 
be a home for the watchman and due provision for protection 0! 
the valuable stock by means of proper fencing. It is not know 
that fresh-water is absolutely essential to diamond-back te! 
rapin but a supply of running water is very desirable in conn 
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ion with a terrapin farm for use in cleansing the feeding 
wards or troughs. Not less essential than these physical re- 
tuirements are the availability of a proper food supply and, 
finally, wise and attentive personal supervision. 

The staple article fed to the terrapin at Beaufort is fish, but 
an occasional feeding of blue crabs or fiddlers is given. During 
the winter the young terrapin are fed as far as possible upon 


t 


oysters, using those of the “raccoon” type which appear abun- 


dantly in shallow waters about Beaufort and which can be ob- 
tained at a low price. The fish used are obtained from local fish 
houses or direct from fishermen, those being employed which 
are not valued on the food market because of kind or size. The 
food must be cut into small pieces before being fed to the ter- 
rapin, and this can be done either with a hatchet and board or 
by the use of a common meat grinder. Quantities amounting 
to about 2 ounces for each adult are supplied every day during 
the season of activity, or from April 1 to December 1. In 1917 
it was estimated that the daily cost of food ranged from five t 
ten cents per one hundred animals. 

It is interesting to observe how quickly terrapin will learn 
to associate certain signs with the occurrence of meal time. If 
the meat is regularly chopped on a board before they are fed, 
within a few days the sound of chopping or rapping will be 
sufficient to bring large numbers of terrapin out of conceal- 
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ment and cause them to assemble at the feeding place. Aj 
time I fed some terrapin at night for a short period. At 
but a few days, the bringing of a light to the pen in the ey, 
ing was sufficient to bring the terrapin out in force. 

Cleanliness is an essential condition of success. In the y 
ter house proper sanitation requires the thorough cleaning 
the terrapin boxes every day and preferably the rinsing of ea 
box with a suitable antiseptic solution. As regards the larg 
pens, sanitation may be accomplished chiefly by natural means 
that is, by having a sufficient tidal flow of brackish wat: 
through the pen and by the avoidance of overcrowding 
Diamond-back terrapin seem little liable to disease, but they 
‘an not withstand highly unfavorable conditions, and, wher 
terrapin are greatly overcrowded, or filth is allowed to accumu- 
late in the pens, or other conditions are distinctly unnatural, 
most serious conditions of disease have been known to develo) 

The results of the experiments may be summarized. It has 
been shown, that terrapin born and reared in confinement « 
velop in a normal way and will reproduce their kind; that th 
reproductive cycle may be completed in 6 or 7 years, when the 
terrapin hibernate in nature; and that, by preventing hiberna- 
tion and forcing growth through the first winter by feeding in 
a heated house, the maturity as well as the growth of the ter- 
rapin may be advanced by one year, so that a new generatio! 
is started in 5 or 6 years rather than in 6 or 7. 

The adult breeding stock of terrapin steadily increased 
productivity from year to year until a certain maximum was 
reached. This is well shown by a series of figures showing the 
average numbers of young produced by the females of the orig- 
inal breeding stock during a series of years. In 1912, for ex- 
ample, the pen of breeders containing the oldest stock yielded 
12.81 young per female. The yield rose each year until 191 
when 21.43 young per female were taken. Later years brough! 
somewhat smaller crops, but never less than that of any year 
preceding 1915. In 1919, the number of offspring per fema‘ 
exceeded 19. Some of these breeders have been in captivity 
about 17 years.. Experience, then, indicates the advisabilit) 
retaining a select brood stock for a rather indefinite period, in- 
stead of adopting new breeders from year to year, as might 
done in stock raising. 

The value of winter feeding during the first season is w: 
established by the increased rate of growth, the shortening 
the time required to attain reproductive maturity, and the ve! 
low rate of mortality. The death rate is generally low. Am 
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700 newly hatched terrapin fed on fresh food one winter the 
oss was about 6! per cent. The death rate in hibernating 
stock was 13 per cent. According to computations made about 
three years ago the cost of food for winter feeding at Beaufort 
varied from 3 to 15 cents per 1,000 young terrapin per day, 
according as salt fish, fresh fish, or oysters were used. Assum- 
ing 10 cents as an average daily expenditure per 1,000 terrapin, 
the cost of food for 1 terrapin for a period of 5 months in the 
first winter was, at that time, 1!» cents. 

The death rate among terrapin after the first season is so 
small as to be nearly negligible. It is found to be about 1 per 
cent. in the second year, diminishing with age to one half per 
cent. and less. The principal mortality occurs in the first sea- 
son, and is then chiefly among the “ runts,”’ which should prop- 
erly be culled out in ordinary practise. The losses are remark- 
ably low when it is considered that deaths occur principalls 
when terrapin are very young and before they have become a 
source of expense, and that the productivity of the terrapin is 
such that even a loss of 30 per cent. at this stage could readily 
be compensated for by increasing the numbers hatched and 
saved for rearing. So far as regards disease and death rates, 
the rearing of terrapin is a matter of much less difficulty than 
the raising of poultry. 

The history of the experiments during many years gives 
strong grounds for belief that domestication of terrapin is ac- 
companied by increasing productivity and diminishing disease 
and mortality. 

The experiments in terrapin culture have not the nature of 
small laboratory tests but are carried out upon such a scale as 
to be comparable to commercial operations. There are usually 
about 3,000 terrapin under observation and classified in 20 or 
more experiments which are being directed to obtain definite 
answers to several practical questions that vet demand atten- 
tion and justify the continuance of the investigations. It has 
been possible also to check results against those obtained in a 
commercial farm which adopted methods based upon those fol- 
lowed in the Bureau’s work. From this it appears that the 
various results gained in the Bureau’s experimental work are 
not to be taken as exceptional, but that they are, in a general 
way, typical of what may be expected in cultural operations 
conducted according to sound principles and with the exercise 
of proper care. 


Now let us consider briefly the past, present and possible 
future economic history of the terrapin. Diamond-back ter- 
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rapin occur along the Atlantic and Gulf coasts of the Unj 
States from Buzzards Bay, Mass., south and west to Texas. 

one time it was considered that there was but one species; | 
after comparison of specimens from many regions, it has by 
determined that the terrapin should be classified in 4 sp: 
and one subspecies.‘ They may be called geographic spe 
one replaces the other as we pass from one section of the « 

to another. The several species, no doubt, represent adap! 
tions of essentially the same form to different climatic co) 
tions. It is commonly known among market men that 
quality of terrapin varies according to the geographic regi 
from which they are derived. It seems that in the earliest 
days of terrapin glory the Delaware Bay terrapin had highest 
rank; owing partly, no doubt, to the depletion of Delaware t 
rapin, the Chesapeake Bay came to be depended upon for t! 
market supply and for many years now “Chesapeakes” hay 
held unrivalled rank. As the diamond-back became scarcer 
both of these bays, some shippers of Chesapeake terrapin bega 
to replenish their stock with terrapin brought from Nort! 
Carolina waters. After these had been kept for a short tim 
in pounds on the Chesapeake Bay they were sometimes mixed 
with native terrapin and shipped to the markets as Chesa- 
peakes ; others, no doubt, were sold correctly as North Carolina 
terrapin. It is certain, too, that some South Carolina terrapir 
were brought into North Carolina to be shipped with those ot 
the latter State to the Chesapeake and thence to city markets. 
Thus many terrapin of comparatively low value, gradually ac- 
quired social prestige, as it were, by a course of travel .fron 
point to point along the Atlantic coast—from Georgetown, 5 
C., to Wilmington, N. C., from Wilmington to Beaufort, fron 
Beaufort to Chrisfield, Md., and finally from Crisfield to Balti- 
more or Philadelphia. Had these terrapin carried hand-bags 
they might have displayed an array of hotel stickers to sham: 
the traveler returned from Europe. Even some terrapin fron 
the Gulf States seem to have reached the markets of Baltimor 
and New York by a devious journey through the hands 
dealers in Virginia and Maryland. It is understood among 
market men and others that the farther south and west thi 
point of origin of the terrapin, the lower their quality. For 
many years, however, there has been evidenced an increasing 
willingness of consumers to accept at a lower price the terrap!! 
from southern waters and this has served to check the othe! 
wise unlimited rise in the price of “Chesapeake” terrapin. 


‘Hay, W. P., 1904, loc. cit. 
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We have seen that the diamond-back terrapin has had a 
mewhat varied economic history, although development in 
the past has been in one direction. In colonial days it was the 


cheapest of foods, constituting a diet for slaves which became 
so monotonous as even to cause, it is said, an eighteenth-century 
strike for better food. By the early twentieth century it was 
the rarest of delicacies in meats. This brings us to the present, 
r at least nearly thereto. The war has recently intervened, 
with its stimulation of thrift and frugality in food, to give the 
terrapin a slight commercial setback. From this it has no 
fully recovered, and, regarding the recovery, there is a certain 
problem; it may be that there are two problems. 

In the first place, it is well known that in times past, barely 
past indeed, a self-respecting chef would never give a dish of 
terrapin license to appear in public unless it had received its 
baptism of sherry. Anything else was impossible, they said. 
The laws of the Medes and Persians were not more strict than 
this dictum of chefdom. New times call for new rules; but the 
question is, will the terrapin survive the present regulations? 
Now it might be said by some that the terrapin will pass with 
the wine cup; that the extreme savoriness of the dish arose 
from the vineyard where the juice was pressed from luscious 
grapes rather than from the briny marshes where the particu- 
lar terrapin had its former being. There is much to say 
against this. If the savoriness of the favored dish was due 
primarily to the wine that had been added, why did intelligent 
and experienced persons pay fancy prices for diamond-back 
terrapin, when other kinds of meats, other species of terrapin, 
too, were always obtainable at far less cost? It is known that 
fraudulent “terrapin” stews for the inexperienced were made 
from fresh-water terrapin, from chicken, and even from veal, 
but the evidence all indicates that the wise in the mysteries of 
gastronomy were never deceived by such imitations. Truly, 
the diamond-back terrapin must have an inherent flavor that is 
held to justify the price at which it is purchased. Assuming 
this to be the case, it is not at all improbable that, as the con- 
noisseurs in foods adjust themselves to the new conditions 
when wine is no longer a condiment for any pot of flesh, the 
diamond-back terrapin will continue to hold its relative rank 
among the favored viands. The future will tell. 

One other fear, apart from the effect of the ban upon 
“spiritual” condiments, has been voiced by a terrapin dealer. 
“They are dying off,” he said, meaning good buyers; “It is the 
old buyers only that come to me for diamond-backs.” This 
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introduces the question of the future of epicureanisn 
America, a question not altogether extraneous to our pres 
subject of discussion. Are the epicures of to-day relicts 
past generation as some have suggested? While personal], 
am not of the epicures, yet I have no lack of faith in the us: 
ness of the clan. I am not an athlete and am conscious of 
desire to become one, but if I should be told that the athletes 
are dying off and that those which remain have acquired their 
skill in a past generation—I should probably “view with 
alarm” the impending physical deterioration of our race. Just 
what is the public service of an athlete it may be hard to say 
with entire correctness, but I have a feeling that, with their 
high bodily and mental skill and endurance, they are path- 
finders in physical achievement, examples of possible accom- 
plishment and leaders or stimulators of normal, healthy phys- 
ical development. Just so, the epicure with his highly devel- 
oped organs of taste, keen discrimination and balanced judg- 
ment in matters gustatory, discovers the possibilities in the 
selection and blending of foods and condiments, blazes the way 
to perfection of appeal to the palate and indirectly, it may well 
be, leads to the betterment of general standards of cooking. 
Physiologists tell us that savoriness of food has a decided effect 
upon efficiency of digestion and effectiveness of nutrition. Pen- 
ologists assure us that bodily nourishment, or the lack of it, has 
much to do with disposition to crime. Is it possible that the 
epicure is one of the corner stones of human morality”? At 
any rate I trust that his kind is not to be extinguished. 

It is not meant to suggest that the fate of the terrapin, 
dietetically speaking, is contingent upon the survival of the 
epicure, as that term is understood. As regards the commer- 
cial future of the diamond-back, it would, indeed, be a sad com- 
mentary upon the fallibility of man’s honored organ of taste if, 
after it had extolled the terrapin for so many years, it should 
now proclaim that the diamond-back of itself is not more sav- 
ory than anything else. We shall adjust ourselves to revolu- 
tionary changes, we shall submit to the subversion of many 
cherished standards of thought and practise, but we shall not 
willingly sink to that depth of pessimism which anticipates 
that the supreme court of gastronomy will reverse itself. The 
terrapin had its course of training; it passed the high tests im- 
posed upon it; it received its diploma and order of merit. Shall 
it not meet a changing world, and even go forth from cloistered 
epicurean walls to win and hold a broad esteem? The Diamond 
back forever! 
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of 1913, he went to South Africa, at tific instrument makers al] 
the invitation of the Chamber of it. Platinum has the curious 
Mines of Johannesburg, to investi- erty of absorbing large quantit 
gate the high death rate from pneu- hydrogen and other gases, wh 
monia among the natives working this occluded condition disp); 
in the mines of the Rand. By ap- special activity. It is therefo: 
plying the army methods of increas- ployed in chemical industry 
ing the air space of sleeping quar- catalyzer, that is to say, as ana 
ters the death rate was materially which excites chemical changes 
lowered. which it does not itself enter. | 
Gorgas was appointed surgeon before the war, the relatively lin 
general of the U. S. Army on Jan- supply of the metal was unequa 
uary 16, 1914, and was given the the demand. The price rose ray 
rank of major general in 1915. In A dozen years ago platinum was 
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retirement from active duty in the supplies that had been withhe 
Army in the fall of 1918, he re- now, although gold itself has appr 
sumed this work and had just ciated, platinum has eight times t} 
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African foci at the time of his death. that new sources may be discover: 
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cist, Sir William Watson, its singu- and British Columbia. It has beet 
lar properties have led to a con- found in Borneo, Australasia, 


“ 


en- worth five ounces of gold. Aft 


tinuously increasing demand. It is Transvaal, Madegascar. But 
slightly heavier than gold, and, like per cent. of the world’s produ 
gold, is very ductile and malleable. used to come from the Ural M 


} 


It resists all acids except aqua regia, tains, where it is relatively abu 


and mixtures generating chlorine. dant, and so easily worked 
Very large quantities of it are used other sources have not yet 

in modern dentistry, and during the seriously exploited. In_ th 
war munition factories absorbed all years of last century over a n 
that could be obtained. The jeweller three-rouble pieces were mint 
prefers it to gold or silver as a set- then worth about ten > gga 
found, wort! 


ting for precious stones, and it is a if they could be 
being n 


component of many of the most least £12. Efforts are 
costly examples of his art. The to increase the production in 
chemist in his laboratory requires it bia; but, if Russia ever get 
for ladles and beakers, for retorts again, she will find that her 
and crucibles. Makers of incandes- num deposits are worth man) 


cent lamps, electricians, and scien- mines. 


( 


Ss 





THE PROGRESS OF SCIENCE 
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SCIENTIFIC ITEMS 
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